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(54) PROCESS FOR PR EPAR ATI NG OPTICALLY ACTIVE COMPOUNDS 



(57) The present invention relates to a novel, highly 
practical method for producing optically active com- 
pounds such as optically active alcohol and optically 
active amine useful for various utilities such as synthetic 
intermediates of drugs, liquid crystal materials, and opti- 
cal resolution agents, comprising hydrogen transfer- 
type asymmetric reduction in the presence of a transi- 
tion metal catalyst and an optically active nitrogen-con- 
taining compound or a transition metal catalyst with an 
optically active nitrogen-containing compound as the 
asymmetric ligand, and a hydrogen-donating organic or 
inorganic compound. 

In accordance with the present invention, charac- 



teristically, an optically active secondary alcohol can be 
recovered through the hydrogen transfer-type oxidation 
from racemic secondary alcohol or meso-type did. 
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Description 

Technical Field 

[0001] The present invention relates to a method for producing optically active compounds such as optically active 
alcohols and optically active amines. More specifically, the present invention relates to a novel, highly practical method 
for producing optically active compounds useful for various utilities such as intermediates for synthesizing pharmaceu- 
tical chemicals, liquid crystal materials and agents for optical resolution. 

Background Art 

[0002] Various methods for producing optically active compounds have been Known conventionally. As the method 
tor asymmetrically synthesis of optically active alcohol compounds, tor example, the following methods have been 
known; 

(1) a method by using enzymes such as baker's yeast; and 

(2) a method for asymmetric hydrogenation of carbonyl compounds by using metal complex catalysts. For the 
method (2) in particular, a great number of examples of asymmetric catalytic reactions have been reported for 
example as follows; (1) an asymmetric hydrogenation of carbonyl compounds with functional groups, by means of 
optically active ruthenium catalysts, as described in detail in Asymmetric Catalysis in Organic Synthesis. Ed. R. 
Noyori pp 56-82 (1994); (2) a method through hydrogen transfer-type reduction by means of chiral complex cata- 
lysts of ruthenium, rhodium or iridium, as described in Chem. Rev.. Vol. 92. pp.1051-1069 (1992); 

(3) a process of asymmetric hydrogenation tartaric acid by means of a modified nickel catalyst with tartaric acid as 
described in Oil Chemistry, pp.882-831 (1980) and Advances in Catalysis, Vol.32, pp.215 (1983). Ed. Y. Izumt; (4) 
an asymmetric hydrosilylation method, asdescribed in Asymmetric Synthesis. Vol. 5. Chap. 4 (1985), Ed. J. D. Mor- 
rison and J. Organomet. Chem. Vol.346, pp.413-424 (1988); and (5) a borane reduction process in the presence of 
chiral ligands. asdescribed J. Chem. Sot. Perkin Trans.1. pp.2039-2044 (1985) and J. Am. Chem. Soc.. Vol.109, 
pp. 5551-5553(1987). 

[0003] By the conventional method by means of enzymes, however, alcohols can be recovered at a relatively high 
optical purity but ihe reaction substrate therefor is limited and the absolute configuration in the resulting alcohols is lim- 
ited to specific one. By the asymmetric hydrogenation method by means of transition metal complex catalysts, optically 
active alcohols can be produced at a high selectivity, but a pressure-resistant reactor is required therefor because 
hydrogen gas is used as the hydrogen source, which is disadvantageous in terms of operational difficulty and safety. 
Furthermore the method through such asymmetric hydrogen transfer-type reduction by using conventional metal com- 
plex catalysts is limited in that the method requires reaction conditions under heating and the reaction selectivity is 
insufficient, disadvantageously in practical sense. 

[0004] Accordingly, it has been desired conventionally that a new, very general method for synthesizing optically 
active alcohols by using a highly active and highly selective catalyst with no use of hydrogen gas be achieved. 
[0005] But no highly efficient and highly selective method for producing such secondary alcohols through asymmetric 
synthetic reaction by using catalysts similar to those described above has been established yet. 
[0006] As to the optically active secondary alcohols, a method tor synthesizing optically active secondary alcohols via 
optical resolution of racemic secondary alcohols has been known for some reaction substrate which can hardly be 
reduced although an excellent optical purity is hardly attained (Asymmetric Catalysis in Organic Synthesis, Ed. R. Noy- 
ori) Because hydrogen transfer-type reduction is a reversible reaction according to the method, dehydrogenation-type 
oxidation as its adverse reaction is used according to the method. Therefore, the method is called as kinetic optical res- 
olution method. According to the method, however, no process of producing optically active secondary alcohols with 
catalysts at a high efficiency has been reported yet. 

[0007] As the method tor synthetically producing optically active amine compounds, furthermore, a process of opti- 
cally resolving once produced racemic compounds by using optically active acids and a process through asymmetric 
synthetic reaction have been known. By the optical resolution process, however, optically active acids should be used 
at an equal amount or more to amine compounds disadvantageously and complex procedures such as crystallization, 
separation and purification are required so as to recover optically active amine compounds. As the method through 
asymmetric synthesis, alternatively, the following processes have been known; (1 ) an enzymatic process: (2) a process 
by using metal hydride compounds; and (3) a process of asymmetric hydrogenation by using metal complex catalysts. 
As to the process by using metal hydride compounds as described above in (2). a great number of reports have been 
issued about a process of asymmetrically reducing carbon-nitrogen multiple bonds by using metal hydrides with chiral 
modifiers As a general process thereof, for example, it has been known a stoichiometric reduction process of imine 
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compounds and oxjme compounds by using a metal hydrides with an optically active ligand as described in Co^ 
hensjyeOrgan.c Synthesis. EdS. B.M. Trost and I. Remming. Vol.8. p.25(1991) Oraanic Pt^^^o 

su^el^r. and M i Huchbis - Vo, - 26(2) - » 193 - 235 ^ 

ol^S 1 I" 165 3 number ° f P rocesses wrth excellent reaction selectivity, but these processS are <£ 

STEL^^ "ST"* ^ methQd (1 >• A*"*""* amines at a reiatively high optical purity can 

are essentially required because hydrogen gas is used as the hydrogen source HenLsZ^^si^ll^T 
geous because of technically difficult operation and safety problems disadvanta- 

ir^rsjr « .snss^jssr - — * — • 

[0010] Alternatively, a great number of transition metal complexes have been used conventionally as catalvst* w 

handleabil.ty despite of h.gh cost, synthetic reactions using the complexes have been developed The oronr^ 
asymmetnc synthetic reactions using chiral complex catalysts is innovative, and a gremnumSr ^ Z l 2 
!£S T^" 9 th3t hi9h ' y 6fficient organic actions have been realized ^ 6 ^ 

Si p m° hem S ° C - V °' 1 18, PP- 2521 " 2522 (1996) and J. Am. Chem. Soc.. Vbl.1 18 
Disclosure of Invention 
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( I ) 



(wherein Ra and Rb independently represent a linear or cyclic hydrocarbon group or heterocyclic group which may or 
may not have a substituent; W, represents oxygen atom. N-H, N-Rc. N-OH or N-O-Rd; and Rc and Rd represent the 
same hydrocarbon group or heterocyclic group as described above) 

to transfer-type asymmetric reduction in the presence of a transition metal complex and an optically active nrtrogen-con- 
taining compound or a transition metal complex with an optically active nitrogen-containing compound as an asymmet- 
ric ligand. along with a hydrogen-donating organic or inorganic compound, to produce an opt.ca.lly active compound 
represented by the following formula (II); 



R a 



R b 




(wherein W 2 represents OH. NH 2 . NH-Rc. NH-OH or NH-O-Rd; and Ra. Rb. Rc and Rd independently represent the 
same as those described above). 

[001 61 Additionally, the present invention is to provide a method for producing an optically active alcohol according to 
the aforementioned method, comprising asymmetrically reducing a carbonyl compound represented by the following 
formula (III): 



o 

R — C— R (in) 



(wherein R 1 represents an aromatic hydrocarbon group, a saturated or unsaturated aliphatic hydrocarbon group or 
cyclic aliphatic hydrocarbon group, which may or may not have a substituent. or a heterocyclic group which may or may 
not have a substituent and contains hetero atoms such as nitrogen, oxygen, sulfur atoms and the like as atoms com- 
posing the ring; R 2 represents hydrogen atom, a saturated or unsaturated aliphatic hydrocarbon group or cyclic 
aliphatic hydrocarbon group which may or may not have a substituent. or an aromatic hydrocarbon group, or the same 
heterocyclic group as described above; and R 1 and R 2 may satisfactorily be bonded together to form a nng), 
to produce an optically active alcohol represented by the following formula (IV); 

OH 

R—C— R (IV) 
I 

H 



(wherein R 1 and R 2 are the same as described above). 
55 [001 71 Furthermore, the present invention is to provide a method for producing an optically active amine, comprising 
asymmetrically reducing an imine compound represented by the following formula (V): 
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(wherein R 3 represents an aromatic hydrocarbon group, a saturated or unsaturated aliphatic hydrocarbon group or 
w cyclic aliphatic hydrocarbon group, which may or may not have a substituent, or a heterocyclic group which may or may 
not have a substituent and contains hetero atoms such as nitrogen, oxygen, sulfur atoms and the like as atoms com- 
posing the ring; R 4 represents hydrogen atom, a saturated or unsaturated aliphatic hydrocarbon group or cyclic 
aliphatic hydrocarbon group which may or may not have a substituent. or an aromatic hydrocarbon group, or the same 
heterocyclic group as described above; R 5 represents hydrogen atom, or a saturated or unsaturated aliphatic hydrocar- 
15 bon group or cyclic aliphatic hydrocarbon group, which may or may not have a substituent, or an aromatic hydrocarbon 
group, or the same heterocyclic group as described above, or the hydrocarbon group or heterocyclic group bonded 
together via hydroxyl group or oxygen atom; and R 3 and R 4 . R 3 and R 5 or R 4 and R 5 , are bonded together to form a 

to produce optically active amines represented by the following formula (VI); 

20 



25 




(Vf) 



(wherein R 3 , R 4 and R 5 are the same as described above). 
30 [0018] Still furthermore, the present invention is to provide a method for producing optically active secondary alcohols, 
comprising subjecting racemic secondary alcohols or meso-type diols to hydrogen transfer reaction by using a catalyst 
of an optically active ruthenium-diamine complex represented by the following general formula (VII) ; 



35 



40 



R 03 

R "r^-^* cvro 



R 04 h„ 



45 

(wherein * represents an asymmetric carbon atom; R 01 and R 02 are the same or different, independently representing 
alkyl group, or phenyl group or cycloalkyl group which may or may not have an alkyl group; or R 01 and R 02 together form 
an alicyclic ring unsubstituted or substituted with an alkyl group; R 03 represents methanesulfonyl group, trifluorometh- 
anesulfonyl group, naphthylsulfonyl group, camphor sulfonyf group, or benzenesulfonyl group which may or may not be 
so substituted with an alkyl group, an alkoxyl group or halogen atom, alkoxycarbonyl group, or benzoyl group which may 
or may not be substituted with an alkyl group; R 04 represents hydrogen atom or alkyl group; X represents an aromatic 
compound which may or may not be substituted with an alkyl group; and m and n together represent 0 or 1). 

Best Mode for Carrying out the Invention 

55 

[001 9] In accordance with the present invention, the characteristic methods for producing optically active compounds 
and catalysts therefor as described above are provided. The detail is described below. 

[0020] Firstly, the method for producing an optically active alcohol of the general formula (I) wherein W 1 is oxygen 
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atom and of the general formula (II) wherein R 2 is OH (hydroxyl group) is described. In the formulas (I) and (II). Ra and 
Rb independently represent a linear or cydic hydrocarbon or heterocyclic group which may or may not have a substrt- 
uent, and the carbonyl compound represented by Ra, Rb and (oxygen atom) are represented by the following for- 
mula (III) as described above, and the optically active alcohol compound produced by the hydrogen transfer-type 
asymmetric reduction of the carbonyl compound represented by the formula (III) may satisfactorily be represented by 
the formula (IV). 




o 

R — C— R 



OH 
R'-C-R* 

h: 



din 



(IV) 



[0021] Herein. R 1 represents a monocyclic or poly cyclic aromatic hydrocarbon group, a saturated or unsaturated 
aliphatic hydrocarbon group or cyclic aliphatic hydrocarbon group, which may or may not have a substrtuerrt, or a hete- 
rocyclic group which may or may not have a substituent and contains hetero atoms such as nitrogen, oxygen, sulfur 
atoms and the like as atoms composing the ring. The cyclic aliphatic hydrocarbon group and heterocyclic group may 
satisfactorily be monocyclic or polycyclic like the aromatic hydrocarbon group. The cyclic hydrocarbon (aromatic or ali- 
cydic) and the heterocyclic groups are of condensed series or non-condensed series if they are polycydic. 
[0022] For example. R 1 specifically includes aromatic monocydic or polycydic groups such as phenyl group. 2-meth- 
ylphenyl, 2-ethylphenyl. 2-isopropylphenyl. 2-tert-butylphenyl. 2-methoxyphenyl, 2-chlorophenyl. 2-vinylphenyl, 3-meth- 
ylphenyl, 3-ethylphenyl, 3-isopropylphenyl, 3-methoxyphenyl, 3-chlorophenyl, 3-vinytphenyl, 4-methytphenyl, 4- 
ethylphenyl, 4-isopropylphenyl, 4-tert-butylphenyl, 4-vinylphenyl, cumenyl (cumyl), mesityl, xylyl, 1-naphthyl. 2-naph- 
thyl. anthryl, phenanthryl. and indenyl; hetero monocyclic or polycyclic groups such as thienyl, furyl, pyrany!, xanthenyl, 
pyridyl, pyrrolyl, imidazolynyl, indolyl. carbazoyl, and phenanthronylyl; and ferrocenyl group. 

[0023] Like these examples, the compound may satisfactorily have various substituents as the substituent, which may 
be hydrocarbon groups such as alky I, alkenyl. cycloalkyl and cycloalkenyl; halogen atoms; oxygen-containing groups 
such as alkoxy group, carboxyl group and ester group; nitro group; amino group and the like. 

[0024] Alternatively. R 2 represents hydrogen atom, a saturated or unsaturated aliphatic hydrocarbon group or cyclic 
aliphatic hydrocarbon group which may or may not have a substituent or an aromatic hydrocarbon group, or the same 
heterocyclic group containing hetero atoms, as described above. These are for example alky! groups such as methyl, 
ethyl, propyl, butyl, pentyl, hexyl and heptyl; cycloalkyl groups such as cyclopropyl, cydobutyl, cydopentyl and 
cydohexyl; unsaturated hydrocarbon such as vinyl and allyl; and the same as those for R 1 . Furthermore, R 2 may satis- 
factorily include derivatives of p -keto acid with a functional group at position p. When R 1 and R 2 are bonded together 
to form a ring, R 2 is for example a saturated or unsaturated alicyclic group to form cyclic ketones, such as cyclopen- 
tanone. cyclohexanone, cycloheptane, cyclopentenone, cydohexenone, and cycloheptenone; and saturated and 
unsaturated alicyclic groups with a linear or cyclic hydrocarbon substituent group containing alkyf group, aryl group, 
unsaturated alkyl group and hetero atom on individual carbons. 

[0025] According to the method for producing optically active alcohol compounds through asymmetric reduction of 
carbonyl compounds, an asymmetric reduction catalyst system of a transition metal complex and an optically active 
nitrogen-containing compound is used for the asymmetric redudion. 

[0026] As the metal catalyst, then, use is made of various transition metals because they have ligands; particularly 
preferably, use is made of a transition metal complex represented by the following general formula (a); 

MXmLn (a) 

(wherein M represents transition metals of group VIII, such as iron, cobalt, nickel, ruthenium, rhodium, iridium, osmium, 
palladium and platinum; X represents hydrogen, halogen atom, carboxyl group, hydroxy group and alkoxy group and 
the like; L represents neutral ligands such as aromatic compounds and olefin compounds; and m and n represent an 
integer). As the transition metals in these transition metal catalysts, ruthenium is one of preferable examples. 
[0027] When the neutral ligands are aromatic compounds, a monocyclic aromatic compound represented by the fol- 
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lowing general formula (b) can be illustrated. Herein. R°s are all the same or differ*,* 

hydrogen atom, a saturated or unsaturated hydrocarbon group aM orT ESSES? * '"'I*" 9 
atoms. For examp.e. R° includes alkyl groups Lch as methTethyt ^^STS Sl'^tS 
SS ^' ™* ^ cyclopropyl. cyclobuty,. cydopen^l 'anKydX^ ^ 9^ ^sa^edSocS 

bons such as benzyl. v,nyl. and allyl; functional groups containing hetero atoms, such as ^rox^Z ^> qSud 

^Syi^s;r^ en ^ 



R° R° 



75 



20 



-TV 



(b) 



i 0028 !^ 6 * ansition metal ^'y 3 * 5 of the group VIII and the like are used to an amount variable deoendino on th« 

fraction metal complexes or serve as such. For more easily undeVSdable «iS^SS5^S2l3^ 
contam.ng compounds may afco be illustrated as "optically active amine con^urS? ThJSSStSSSriTSr 
pounds are optically active diamine compounds represented by the followingWnS fo/mub fcf 
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55 



St^on^ 3 «i urated or unsatura "* ^ocarbon group, urethane 

L H " * u TOnyigroup. n , r , r and R are the same or different so that the carbon bonded with these substit- 

"ated^tThl 00 ^ 6 asymmetric center - inc »^9 ny^rogen atom, an aromatic group. ala^teTor u^- 
Sn^,t> P hydrocarbon group or cyclic aliphatic hydrocarbon group; even in this Lse the a^onSc or ^Sc 
aliphatic group may be monocyclic or polycyclic; the polycyclic aromatic group is any of condensed ^J Q r 1^ 
densed senes. and furthermore, any one of R 11 and R 1 * and any one of R 1 ^ andR 1 ° aw. hnnHoH IZZL ? 
ring. For example, such compounds include optically active dramircom^ourS such ZZSlttiVSZZ 
dioS^r^ 1 ^^"^^iamine. , .2-cyc.oheptanediamine ^imeti^n^^^ 
d,phenyletr y iened.am,r te .l-isobutyl-2,2-diphenyle^ 
2.2-d I (p-methoxy P heny0ethylenediamine. 1 isobuty.-2.2<ti(p-methox^^ 

l^^^fi? na e hthy,ethylened,amine - ■ , - i sopropyl-2.2^inaphthy.ethylenediamine and the like apmhyW,am,ne - 
[ ™*°}. rt ^ d,1,0na "y °P t,cal| y activ « diamine compounds wherein any one or two of substituents R* throuqh are 
sulfony. group, acyl group or urethane group are illustrated. Preferably, furthermore, use may be made <X^£ ac Zl 

2^r a S5J? T SUlfonW 9r ° UP K**""™* the optically active diamin^mSs) fo?Sa^e 
are not hmrted to the .llustrated optically active ethylenediamine derivatives, and use may bemade , of , ISS^t^l 
propanediamme, butenediamine. and phenylenediamine derivatives * 

s ^^as^zs sr^ 5 ' ~ - ™ de ° f ^ artve amin ° — — - 
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(d ) 



[0032] Herein, at least one of R 17 and R 18 is hydrogen atom, and the rerr^ning one is hydrogen atom, a saturated 
or unsaturated hydrocarbon group, urethane group or sultonyl group; R . R . R and R are the same or different 
so that the carbon bonded with these substituent groups might occupy the asymmetric center, including hydrogen atom, 
a monocyclic or polycyclic aromatic group, a saturated or unsaturated aliphatic hydrocarbon group, and a cyclic 
aliphatic hydrocarbon group; R 23 represents hydrogen atom, a monocyclic or polycyclic aromatc group, a ^rated or 
unsaturated aliphatic hydrocarbon group and cyclic aliphatic hydrocarbon group. Furthermore, any one o R and R 
and any one of R 21 and R 22 may satisfactorily be bonded together to form a ring. Additionally, any one of R and R 
and any one of R 20 and R 21 may satisfactorily be bonded together to form a ring. More specifically, use may satisfacto- 
rily be made of optically active amino-alcohols shown in the examples described below. 

[00331 As the optically active amine compounds, furthermore, use may be made of aminophosphme compounds rep- 
resented by the following general formula (e); 

R 24 R* R 17 R u 



[0034] Herein R 24 and R 25 are hydrogen atom, a saturated or unsaturated hydrocarbon group, urethane group, sul- 
tonyl group and acyl group; (CR 2 26 ) n are the same or different so that the carbon bonded with these subsbtuent groups 
might occupy the asymmetric center, including hydrogen atom, a monocyclic or polycyclic aromatc group, a saturated 
or unsaturated hydrocarbon group, and a cyclic hydrocarbon group; R and R represent hydrogen atom, and a sat- 
urated or unsaturated hydrocarbon group. More specifically, use may be made of the optically active aminophosphmes 

shown in the examples. , , „ „. 

[0035] The optically active amine compounds as illustrated above are generally used tor example at an amount at 
approximately 0.5 to 20 equivalents, and preferably used for example within a range ol 1 to 4 equivalents, to the transi- 

EwBMn me^lorementioned catalyst system to be used for the method for producing optically active alcohols through 
asymmetric reduction of carbonyl compounds, advantageously, an additional basic substance is advantageously 

present currently. . . . . 

[0037] Such basic substance includes for example metal salts or quaternary ammonium compounds represented by 

the following formula (f); 

M 1 Y <n 

(wherein M 1 represents an alkali metal or alkali earth metal; and Y represents hydroxy group, alkoxy group, ™rcapto 
group and naphthyl group). More specifically. M 1 includes KOH, KOCH 3 . KDCH&U* »WCHg* U ?"' 
LiOCH 3 . UOCH(CH 3 ) 2 , LiOC(CH 3 ) 3 . NaOH. NaOCH 3 . NaOCH(CH 3 ) 2 . NaC 10 H 8 . NaOC(CH 3 ) 3 and the like. Further- 
more. quaternary ammonium salts may be used satisfactorily. ^ 
[0038] The amount of the base to be used is generally about 0.5 to 50 equivalents, preferably 2 to 1 0 equivalents to 

the transition metal complex. . . . , 

[0039] As has been described above, the basic substance is used for smoothly progressing the asymmetric reduction 
Therefore, the base is an important component so as to give optically active alcohol compounds with a high optical 
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purity. 
[0040] 



For the r " ethod f0f Producing optically active alcohol compounds through hydrogen transfer-tyoe asvmmow 
^ rT,^ anCe the Pr6Sent invenfon - rt is inevitable to use "ydrogenXSng or^n ^ o^norSTcSn 
< £J^f ! V ^ 6 w are m ? nt COmpounds ***** 01 don ^"9 hy*ogen via thermal action or cVtalytS a^l* 
?*s S "i hy , dr ° 9e,Vd0natin 9 compounds are not specifically limited, but preferably incite Sr^wr^ur^ 

^l^f"?^ the method comprises adding an optically active amine compound, a transition metal com- 

IT 1 * 16 ' ? th ,he meth0d for P roducin 9 optically active alcohol compounds as described above the oresent 
m P u r<V,de 3 method for producin 9 optically active amine compounds represented ov the oeneral form IS m 

as described above, wherein W, is OH NH, NH-Rc NH-OH or nh n cw ,™ V 9 eneral fo "™la (II) 

-"^^una'aprasamedV^^ 



40 



45 



NR 6 



8^\p4 (V) 



R 3 — R' 



NHR 5 



(VI) 



55 



Eed ?S2i2 -ifnSt 3 ^ T"** ° r PO ' yCyC,iC hydrocarbon o^oup. unsubstituted or substituted, a 
saturated or unsaturated aliphafc hydrocarbon group or cyclic hydrocarbon group, unsubstituted or substituted, or a 
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hetero monocyclic or polycyclic group containing hetero atoms such as nitrogen, oxygen, sulfur atoms and the like; 
more specifically R 3 includes aromatic monocyclic or polycyclic hydrocarbon groups such as phenyl group. 2-methy- 
phenyl 2-ethylphenyl. 2-isopropylphenyl. 2-tert-butylphenyl. 2-methoxyphenyl. 2-chlorophenyl. 2-vinytphenyl. 3-methyl- 
phenyl' 3-ethylphenyl. 3-isopropylphenyl. 3-methoxyphenyl. 3-chlorophenyl. 3-vinylphenyl. 4-methyphenyl. 4- 
ethylphenyl 4-isopropylphenyl. 4-tert-butyfphenyl. 4-vinylphenyl. cumenyl. mesityl. xylyl. 1-naphthyl. 2-naphthyl. 
anthryl phenanthryl. and indenyl groups; hetero monocyclic or polycyclic groups such as thienyl. furyl. pyranyl. xanthe 
nyl pyridyl pyrrolyl. imidazolyl. indolyl. carbazoyl. and phenanthronylyl; and ferrocenyl group. Uke these examples. R° 
may contain any of various substituents. which may satisfactorily be hydrocarbon groups such as alkyl. alkenyl. 
cydoalkyl. and cycloalkenyl; halogen atom; oxygen-containing groups such as alkoxy group, carboxyl group and ester 
group: nitro group; cyano group and the like. 

[0049] Furthermore. R 4 represents hydrogen atom, a saturated or unsaturated hydrocarbon group, aryl group, hetero 
atom-containing functional groups, including for example alkyl groups such as methyl, ethyl, propyl, butyl, pentyl. hexyl. 
and heptyl- cydoalkyl groups such as cydopropyl. cydobutyl. cyclopentyl. and cyciohexyl; unsaturated hydrocarbons 
such as vinyl and allyl; and the same as those for R1. Additionally. R 5 represents hydrogen atom, a saturated and 
unsaturated hydrocarbon group, aryl group, a hetero atom-containing heterocyclic group, or the hydrocarbon group or 
heterocyclic group bonded together via hydroxyl group or oxygen atom, including for example alkyl groups such as 
methyl ethyl propyl, butyl, pentyl. hexyl and heptyl; cydoalkyl groups such as cydopropyl. cydobutyl. cyclopentyl. and 
cydohexyl unsaturated hydrocarbon groups such as benzyl, vinyl and allyl; hydroxyl group, alkyl ether groups; aryl 
ether groups; and the like. Furthermore, a saturated or unsaturated cyclic imine compound formed by bonding together 
R 3 and R 4 . R 3 and R 5 or R 4 and R s . is illustrated. 

[0050] Non-cyclic imine compounds can be synthesized readily from the corresponding ketones and amines In this 
case the syn-form and anti-form or a mixture enriched with either one of these syn- and anti-forms may be used satis- 
factorily, but a purified product of the mixture may be used singly or a mixture thereof with another imine compound may 

also be used. ... 
[0051] Even by the method for producing optically active amine compounds, like the method for producing optically 
active alcohol compounds, use is made of an asymmetric redurtion catalyst composed of a transition metal complex 
and an optically active nitrogen-containing compound. In the transition metal complex among them, various transition 
metals with ligands are used, and particularly preferably, use is made of those similar to a transition metal complex rep- 
resented by the general formula (a); 

MXmLn ( a ) 

(where in M is a transition metal of group VIII, such as iron, cobalt, nickel, ruthenium, rhodium, iridium, osmium, palla- 
dium and platinum; X represents hydrogen, halogen atom, carboxyl group, hydroxy group and alkoxy group and the like; 
L represents neutral ligands such as aromatic compounds and olefin compounds; m and n represent an integer). The 
transition metal in the transition metal complex is preferably rare metal, and specifically, ruthenium is one of preferable 

examples. . „ 

[0052] Uke the method for produdng optically active alcohols, a monocydic aromatic compound represented by tne 
general formula (b) is illustrated for the aromatic compound as the neutral ligand. Herein. R° s are the same or different 
substituent groups, representing hydrogen atom, a saturated or unsaturated hydrocarbon group, aryl group, and func- 
tional groups containing hetero atoms, for example alkyl groups such as methyl, ethyl, propyl, isopropyl. butyl, t-butyl, 
pentyl, hexyl, and heptyl. cydoalkyl groups such as cydopropyl. cydobutyl, cyclopentyl and cydohexyl; unsaturated 
hydrocarbon groups such as benzyl, vinyl, and allyl; hetero atom-containing functional groups such as hydroxyl group, 
alkoxy group and alkoxycarbonyl group. The number of the substituents R°'s is an optional number of 1 to 6. and the 
substituents each can occupy any position. 
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[0053] The transition metal catalysts are used at an amount variable, depending on the size mode and economv ^ 

TrSr^O to SSK T Sati J Ct0r l be US6d ^ a — ra *> -"««• * approximate^ Sl^SSX? 
preferably 1/200 to 1/5.000 to the reaction substrate imine compound- w ' 

[0054] | According to the method for producing optically active amine compounds in accordance with the orespnt im«„ 
^SS^^^t" ^ogen-comaining compos in ^S^el^^Z ^ 
it is possibly assumed that the compounds may be present as asymmetric ligands in the transition metal comnlexesor 

z:i e zi£ TJzz o zr ny unders,are3awe expressi ° n - «* «*™»y active sss^ 

y act,veam,ne compounds". As described above, the optically active amine abounds -are 
optcally active diamine compounds represented for example by the following general formula (c); 




' 5 M \r (c) 



" SSS g lV^ R R- ar R^^rT n ' 3 ?r ted " UnSatUral6d hydf0Cart>0n •** ««— 
y uup ur & uironyi group, h , R , R and R * are the same or different so that the carbon bonded with these submit 

.sobuty.-2.2-d«pheny(ethy.enediamine. 1-isopropy1-2.2-diphenylethy.enediamine. l-methyt-2 SJKStaZSS^ 
ylened.am.ne. l-.sobutyl-2.2-di(p-methoxyphenyl)ethylenediamine. 1-isopropyl-2 ^p m^ oxSnXSS 

d^acLv^ '-"-l***-*^^ 
dmaphthytethylenedam.ne. 1 -.sopropyl-2.2-dinaphthylethylenediamine and thelike V 

«*SL n^" 10 "?* ° PtiCa,ly 3CtiVe diamine com P° un ds wherein any one or two of substituents R 9 through R 15 are 
sutfonyl group, acyl group or urethane group may also be used. Preferably, furthermore, use maybe ma*! I ootteSv 

3 s ^2^r£X?T T ° ne 6UWbny1 9r ° UP Furthermore ' active diamine ( cZS££Z£ 2 

SEL^ 5 t£> " ,UStrated 0ptica " y active ethy'enediamine derivatives, and use maVbe made of 2 
acbvepropaned.am.ne. butanediamine. and phenylenediamine derivatives *** y 

ss ^^^^7"* use is ^ of an optica,,y amin ° a,c ° h * — - 



40 



45 




Cd) 



SO 



55 



SSJS^SSS' 2 iS hydr096n at0m ' ^ the femainin9 one is h * dra 9 e " atom - « saturated 

^^o^ y t^ a ^ r UP " Ur6thane 9f0UP ° r SU,fonyl 9rou P ; Rl9 ' R2 ° r21 and R 22 are the same or diftaent 
an aroll . ^ SUbSMUent 9rOUPS might ^ the asymmetric center, including hydroW 

an aromahc monocyclic or polycycl,c group, a saturated or unsaturated hydroca-bon group or a cyclic hydrocarbon 

carbon group and a cyclic hydrocarbon group. Furthermore, any one of R 19 and R 20 and any one of R 21 and IR 22 mav 
i 0 ^ 6 !' 09 ^^ ! ° form 3 ri " 9 - w any one of R 17 and R 18 and any one SWiS^ may sa25actS 
ples^SbS b e^° 3 ^ M ° re SPed,iCa " y ' 1,56 " TOde 0i 0PtiCa " y active amino *** ^ 
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[0058] As the optically active amine compound, turthermore. use is made of aminophosphine compound represented 
by the following general formula (e). 



10 



(5 



20 



[00591 Herein R 24 and R 25 are hydrogen atom, a saturated or unsaturated hydrocarbon group, urethane group, sul- 
fonyl group and acyl group; (CR 2 26 )„ are the same or different so that the carbon bonded with these substituent groups 
might occupy the asymmetric center, including hydrogen atom, an aromatic monocyclic or polycyclic group, a satura ed 
or unsaturated hydrocarbon group, and a cyclic hydrocarbon group; R and R represent hydrogen atom, a saturated 
or unsaturated hydrocarbon group, and allyl group. More specifically, use is made of the optically active aminophos- 

phines shown in the examples. . 

[00601 The optically active amine compounds as illustrated above are used at an amount for example of approxi- 
mately 0 5 to 20 equivalents, and preferably within a range of 1 to 2 equivalents, to the transition metal complex. 
[0061] The transition metal catalyst to be used as the catalyst as described above and the optically active amme com- 
pound are essential components to progress the asymmetric reduction in a smooth manner thereby attaining a higher 
asymmetric yield, and amine compounds at a higher optical purity cannot be recovered at a sufficiently high reaction 
25 activity, if either one of the two is eliminated. 

[0062] For the method for producing optically active amines through hydrogen transfer-type asymmetric reduction in 
accordance with the present invention, the presence of a hydrogen-donating organic or inorganic compound is indis- 
pensable These compounds mean compounds capable of donating hydrogen through thermal action or catalytic 
action and the types of these hydrogen-donating compounds are not limited, but preferably include alcohol compounds 
such as methanol, ethanol. 1-propanol. 2-propanol. butanol. and benzyl alcohol; formic acid and salts thereof such as 
those in combination with amines; unsaturated hydrocaibons and heterocyclic compounds hav.ng saturated carbon 
bonds in part such as tetralin and decalin; hydroquinone or phosphorous acid or the like. Among them, alcohol com- 
pounds are preferable, and 2-propanol is more preferable. The amount of an organic acid to be used as a hydrogt* 
source is determined, depending on the solubility and economy of the reaction substrate. Generally, the substrate is 
used at a concentration of approximately 0. 1 to 30 % by weight, depending on the type of the substrate to be used, and 
is preferably at a concentration of 0.1 to 10 % by weight. When using formic acid and a combination of formic acid with 
amine as a hydrogen source, no solvent is necessarily used, but use may satisfactorily be made of aromat.c compounds 
such as toluene and xylene: halogen compounds such as dichloromethane. or organic compounds such as DMSO. 
DMF or acetonitrile. if it intended to use any solvent. 

[0063] Hydrogen pressure is essentially not required, but depending on the reaction conditions, hydrogen pressure 
may satisfactorily be loaded. Even if hydrogen pressure is loaded, the pressure may satisfactorily be about 1 atm to 50 

?0064] The reaction temperature is about -20 °C to 1 00 °C from the economical standpoint. More practically, the reac- 
tion can be carried out around room temperature of 25 to 40 °C. The reaction time varies, depending on the reaction 
conditions such as the concentration of a reaction substrate, temperature and pressure, but the reaction is on comple- 
tion from several minutes to 100 hours. . -, M 

[0065] The metal complex to be used in accordance with the present invention is preliminarily mixed with an optically 
active amine compound, but an asymmetric metal complex may be preliminarily synthesized by the following method, 
and the resulting complex may be used. 

[0066] More specifically, for example, a method is illustrated, comprising suspending a ruthenium-arene complex, an 
optically active amine compound and triethylamine in 2-propanol. heating the resulting mixture in argon or nitrogen gas 
stream under agitation, and cooling then the resutting reaction mixture, from which the solvent is then removed, and re- 
crystallizing the resulting mixture in an alcohol solvent to prepare an asymmetric complex. 
[0067] The catalyst system to be used tor the hydrogen transfer-type asymmetric reduction in accordance with the 
55 present invention is very characteristic and has never been known up to now. 

[0068] The optically active ruthenium-diamine complex represented by the following formula (VII) as described above 
as one metal complex composed of a transition metal and an optically active nitrogen-containing compound ligand is 
useful as a catalyst for producing optically active secondary alcohol compounds, comprising subjecting racemic sec- 
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ondary alcohol or meso-type diofe to hydrogen transfer reaction, and therefore, the complex draws higher attention. 

R 03 
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In the formula, * represents an asymmetric carbon atom; R 01 andR 02 are the same or different inHo~>~^ 

SSrtS,^? °L Pheny ' 9r °" P " CyC,0a,kyl ^ *"*• ™" or^Z:^X^Z^^ a ^ 
together form an alicyclic ring unsubstrtuted or substituted with an alkvl arourv R<>3 r^roe^I " * 

trifluoromethane.u.fony. group. naphthy, Sljl fon yI group, camptr^^. or I^SSSCSS^SS 

tl alky ' 9r ° UP - 30 ^ 9r ° UP » ha, <* en atorn'a.KoxUroo" STb^lZS 
wh,ch may or may not be substrtuted with an alkyl group. R« represents hydrogen atom or alkyl qroi JT«rXT 
ananomat, compound whfch may or may not be substituted with an a.Kyl grL P °and m and n JmuSneous.y^^ 

b^ed rino The^n, * 'n * f0rm a " a,iCydic 9r0up ' 1,16 9 rou P satisfactorily be a C5 to C7-mem- 

to S SuT^S r P Jl h , may ° r n0t be 3 substitu ent theater, for example alkyl substituent group 12 C1 

!S^^ - ^^"^^ ^ d R ° 2 ^ a " ■«* ^ example methyl group, spec*- 
cycler ** 9r ° UP Carb ° n at0mS 5 to *«™*™« Preferably includ- 

ing (-!c o ^V) Pre,erab,e 6XamP,eS ' ^ *" ^ independentl ^ phen " - R ° 1 ™> «° 2 aether mean tetrame- 
[0075] R 03 represents methanesulfonyl group, trifluoromethanesuffonyl group, naphthylsulfonvl orouo ramnhnr «„ 

M °"" ,p - * r 8xamp,e c "° 64 """"""■"v « *4. * XTc, 

p-ethylbenzenesuHonyl. o-. m-. and p-methoxybenzenesulfonyl, o-. m, and p-emoxybenzen^ 
S; *• Preferab,e examole ' R ° 3 te •»»»>«*»»<. Muoromethanesulto,,,. benzenes,*^ „ p.***- 
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[00791 The optically active rutheniunvdiamine complex is used for the method for producing optically active "»ndary 
EvL ram ketones as descried above in accordance with the present invention, and ,n this case, the racenuc sec- 

compounds in accordance with thepresent invention are illustrated by me iW.ow.ng 
ZS^S^l is needless to say that the racemic alcohols are not limited to those represented by the formula. 

? H (VIII) 
R 8 R 7 
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[0080] R 6 represents an aromatic monocyclic or po.ycyc.ic hydrocarbon group, ureubstitut^ or^tituted or a^- 
Iramonocvcnc or oolycyclic group containing hetero atoms including nitrogen, oxygen, sulfur atoms and the like, spe 
SSSSJ^^mo^ or 9 po.ycyc.ic groups such as phenyl group. 2-methy.phen 2-emy.pheny 2- 
isooTopytohenyl 2-tert-butylphenyl. 2-methoxyphenyl. 2-chlorophenyl. 2-vmy.phenyl. 3-methylphenyl. 3-ethy«pbeny . 3 
Soo phenyl 3-methoxyphenyl. 3<*.orophenyl. 3-viny.phenyl. 4-methy.phenyl, 4-ethy.phenyl. 
SSSSSnS: 4 viny.phe?yl. cumenyl. meshyl. xy.yl. 1 -naphthyl. 2-naphthy. ^^^"^3^^ 
rn^nocyctic or polycydic groups such as thienyl. furyl. pyranyl, xanthenyl. pyndyl. pyrrdyl. .mdazolyl. inddyl 
^ SentnronyTy? and ferrocenyl group. Furthermore. R represents hydrogen atom, a saturated or unsatura ed hydro- 
a functional group containing hetero atoms, including for example alky, groups such as methyl ethyl 
pt^T ?Zop^ butrpentyl haxy.. and heptyl. cydoalky. groups such as cydopropyl. cyd^cyc.^yl. and 
cvdTheXr^unsaTurated hydrocaitoons such as benzyl, vinyl, and allyl. R and R may be bonded together Xo form 
a^nc i »5 in Wis case R 7 indudes for example a saturated or unsaturated alicyclic group g.v.ng a cycl.c ketone such 
L Sdoptnt^rcydohexanone. cydoh^tane. cyclopentenone. cyclohexenone. and ^toheptenone or a sati,- 
S^ anTunsaturaied alicyclic group with a substituent group having an alkyl group, an aryl group, a unsaturated alkyl 
group or a linear or cydic hydrocarbon group on each of the individual «rbons^ 
[0081] Additionally, the meso-type diols are represented for example by the following formula (IX). 



35 




(IX) 



it is needless to say that the meso-diols are not limited to them. 
M ^821 n m^case R 8 and R 9 are the same and represent a saturated or unsaturated hydrocarbon group wh.ch may 
£5 nit haveTsuteti group, or R 8 and R 9 may be bonded together to form a saturated or unsaturated aticychc 
arouD which may or may not have a substituent group. 

SSST More specifically, the ruthenium<liamine complex of the present invents ,s for example ^ch that m and n are 
simultaneouslyzero in the formula (VII). Herein, r, is used to represent the number of carbon atoms bonded Tto a me a 
f„ Mn«t.,r a ted liaands and therefore hexahapto (six carbon atoms bonded to metal) is represented by . p-Ts repre 
^^S^^^i^ methanesuHonyi group; and Tf represents trKluoromethanesuHony, group. 

Ru[(S.S)-p-TsNCH(C 6 H5)CH(C 6 H 5 )NHl(^ 6 -benzene)(((S.S)-N-p-toluenesulfonyM.2^iphenylethylene^ 

Srot 
Ss^-p^ 
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amine)(n 6 -mesrtylene)ruthenium) 
Ru[(S.S)-MsNCH(C 6 H5)CH^^ 
benzene)ruthenium) 

Ru[(R.R)-MsNCH(C 6 H5)CH(C 6 H5)NHK^^^ 
benzene)rLrthenium) 
Ru[(S.S)-MsNCH(C 6 H 5 )CH(C^^ 
p-cymene)ruthenium) 
Ru[(R.R)-MsNCH(C 6 H 5 )CH(C 6 H5)N^^ 
amine)(Ti 6 -p- cymene)rutheniurn) 
Ru[(S.S)-MsNCH(C 6 H 5 ^ 
amine)(n -mesrtytenejrirthenium) 

Ru[(R,R)-MsNCH(C 6 H 5 )CH(C 6 H5)NH](Ti 6 -mesitylene)(((R,R).N-memanesulfonyl-l ( 2<li^^ 
amine)(n -mesitylene)ruthenium) 
RuKS.SJ-TfNCHCCeHs)^ 
15 amine)(r| 6 -benzene)ruthenium) 

Ru[(R.R)-TfNCH(C 6 H 5 )CH(C 6 H 5 )^ 
amine)(n 6 -benzene)ruthenium) 
Ru[(S,S)-TfNCH(C 6 H5)CH(C^^ 
amine)(ii 6 -p-cymene)ruthenium) 

20 Ru[(R.R)-TfNCH(C 6 H 5 )CH(C 6 H 5 )NH]( n 6 i3^ymene)(((R,R)-N-trifluoromethane 

amine)(T| 6 -p-cymene)ruthenium) 

RuKS.SJ-TfNCHfCeHsJCH^ 

amine)(r| 6 -mesitylene)ruthenium) 

Ru[(R.R)-TfNCH(C 6 H 5 )CH(C 6 H 5 )N^^ 
25 amine)(r| 6 -mesitylene)rLrthenium) 

Ru[(S,S)-C 6 H 5 S0 2 NCH(C 6 H5)C^^ 

amine)(Ti 6 -benzene)ruthenium) 

Ru[(R.R)-C 6 H 5 S0 2 NCH(C 6 H5)CH(C 6 ^ 

amine)(r| 6 -benzene)ruthenium) 
30 Ru[(S,S)-C 6 H 5 S0 2 NCH(C 6 H 5 )C^^ 

amine)(T| 6 -p-cymene)ruthenium) 

Ru[(R.R)-C 6 H 5 S0 2 NCH(C 6 H 5 )CH(C 6 ^^ 

amine)(r| 6 -p- cymene)ruthenium) 

Ru[(S.S)-C 6 H 5 S0 2 NCH(C 6 H 5 )CH^ 
35 amine)(T} 6 -mesitylene)rLJthenium) 

Ru[(R,R)-C 6 H 5 S0 2 NCH(C 6 H 5 )CH^ 

amine)(Ti 6 -mesrtylene)ruthenium) 

Ru[(S.S)-Ni>Ts-1,2^yclohexanedamm^^^ 

benzenejruthenium) 
40 R u[(R.R)-Ni3-Ts-l,2^dohexanediam^ 

benzenejruthenium) 

Ru[(S,S)-N-p-Ts-1,2K:ydohexanecfiamine]^^ 
p-cymene)ru1henium) 

R u[(R,R)-N^-Ts-1,2^dohexanediamineK^^ 
45 amine)(ii 6 -p-cymene)ruthenium) 

Ru[(S,S)-N-p-Ts-1,2-cyclohexanecfiamine](n 6 -mesitylene)(((S. S)-N-p-toluenesulfonyl-1 r 2-cydohexanedi- 
amme)(T| 6 -mesrtylene)ruthenium) 

Ru[(R,R)-N^-Ts-1,2^dohexanediamine](i l 6 -mesitylene)(((R,R)-N-p-tduen 
amine)(Ti 6 -mesrtytene)ruthenium) 
so R u[(S,S)-N-Ms-1,2^yclohexanediam^ 
benzene)ruthenium) 

Ru[(R.R)-N-Ms-l.2<ydohexanediamine]( n ^ 
benzene)ruthenium) 

R u{(S.S)-N-Ms-1.2<ydohexanediam^ 
55 cymene)ruthenium) 

Ru[(R.R)-N-Ms-1,2^ydohexanediamine]^ 
p-cymene)ruthenium) 

Ru[(S.S)-N-Ms-1.2<ydohexanediamine](^ 
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mesrtylene) ruthenium) 

Ru[(R.R)-N-Ms-1.2-cydohexanediamine](n 6 -mes^ 

rnesitylene)ruthenium) 

Ru[(S.S)-NTM ,2-cydohexaned^ 
5 amine)(n 6 -benzene)ruthenium) 

Ru[(R,R)-N-TM.2-cyclohexanediamine](Ti 6 -ben2ene)(((R. R)-N-trffluoromemanesutfonyM.2-cydohexanedi- 

amine)(n 6 -benzene)ruthenium) 

Ru[(S.S)-NTf-1.2-cydohexanediamine](n 6 i>cy^ 

amine)(T| 6 -p-cymene)ruthenium) 
w Ru[(R,R)-N-T?-1.2K^clohexanediamine](Ti 6 -p^ 

amine) (n 6 -p-cy men e)ruthenium) 

Ru[(S.S)-NTM.2-cyclohexanediamine]ta^ 

amine)(Ti 6 -mesitylene)ruthenium) 

Rut(R f R)-N-Tf-1,2-cyclohexanediamine](ri 6 -mesrtylene)(((R, R)-N-trrfluoromethanesu»fonyl-1.2-cyciohexanedi- 
15 amine)(T| 6 -mesrtylene)ruthenium) 

Ru[(S.S)-N-C 6 H 5 S02-1,2-cyclohexanediamine](n 6 -ben2ene)(((S l S)-N-benzenesuKonyl-1,2-cydohexanedi- 
amine)(n 6 -benzene)ruthenium) 

Ru[(R,R)-N-C 6 H 5 S02-1.2-cyclohexanediamine](ii 6 -benzene)(((R, R)-N-benzenesurfonyl-1,2-cydohexanedi- 
amine)(T| 6 -ben2ene)ruthenium) 
20 Ru[(S,S)-N-C 6 H 5 S0 2 -1 ,2-cyclohexanediamine](Ti 6 -p-cymene)(((S, S)-N-benzenesulfonyM .2-cyclohexanedi- 

amine)(T| 6 -p-cymene)ruthenium) 

Ru[(R,R)-N-C6H5S0 2 -1,2-cyclohexanediamine](T| 6 -p-cymene)(((R. R)-N-benzeneesurfonyl-1,2K:ydohexanedi- 
amine)(n 6 -p-cymene)ruthenium) 

Ru[(S,S)-N-C 6 H 5 S0 2 -l,2-cyclohexanediamine](r| 6 -mesitylene)(((S. S)-N-benzenesulfonyl-1 ,2-cydohexanedi- 
25 amine)(ri 6 -mesrtylene)njthenium) 

Ru[(R.R)-N-C6H 5 S02-1.2-cydohexanediamine](T| 6 -mesrtylene)(((R. R)-N-benzenesurfonyl-1.2-cydohexanedi- 
amine)(ii 6 -mesityiene)rutnenium) 



[0084] Those of the formula (VII) wherein m and n are simultaneously 1 are illustrated as follows. Herein, rj is used 
30 to represent the number of carbon atoms bonded to a metal in unsaturated ligands, and therefore, hexahapto (six car- 
bon atoms bonded to metal) is represented by rj 6 ; p-Ts represents p-toluenesuKonyl group; Ms represents methanesul- 
fonyl group; and Tf represents trrfluoromethanesulfonyl group. 

RuH[(S.S)-p-TsNCH(C6H5)CH(C 6 H5)NH2](n 6 -benzene)(hydride-((S. S)-N-p-toluenesulfonyl-1,2-diphenylethylene- 
35 diamine)(rt 6 -benzene)ruthenium) 

RuH[(R.R)-p-TsNCH(C 6 H 5 )CH(C 6 H5)NH 2 ](ii 6 -benzene)(hydride-((R. R)-N-p-toluenesulfonyl-1 ,2-diphenyl ethyl en- 
ediamine)(n 6 -benzene)ruthenium) 

RuH[(S,S)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NH 2 ](r| 5 -p-cymene)(hydr!de-((S. S)-N-p-toluenesulfonyl-1 f 2-diphenylethylen- 
ediamine)(n 6 -p-cymene)ruthenium) 
40 RuH[(R f R)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NH 2 ](T 1 6 iD-cymene)(hydride-((R. R)-N-p-toluenesultonyl-1,2<iiphenylethyl- 
enediamine)(r| 6 -p-cymene)ruthenium) 

RuH[(S,S)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NH 2 ](r| 6 -mesitylene)(hydride-((S, S)-N-p-toluenesultonyl-1,2-diphenylethyl- 
enediamine)(Ti 6 -mesitylene)ruthenium) 

RuH[(R f R)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NH 2 ]( n 6 -mesitylene)(hydride-((R, R)-N-p-toluenesulfonyM,2<Jiphenylethyl- 
45 enediamine)(n 6 -mesrtylene)ruthenium) 

RuH[(S,S)-MsNCH(C 6 H 5 )CH(C 6 H 5 )NH 2 ^^ 
amine)(T| 6 -benzene)ruthenium) 

RuH[(R > R)*MsNCH(C 6 H 5 )CH(e 6 H 5 )NH 2 ](T l 6 ^enzene)(hydrde-((R ( R)-N-methanesuKonyl-1,2<liphen^^ 
amine) (r| 6 -benzene) ruthenium) 
so RuH[(S,S)-MsNCH(C 6 H 5 )CH(C 6 H 5 )N^ 
diamine)(ri 6 -p- cymene)ruthenium) 

RuH[(R 1 R)-MsNCH(C 6 H 5 )CH(C 6 H 5 )NH 2 ](ii 6 ^-cymene)(hydride-((R,R)-N-methanesu!fonylO,2^ 
diamine)(ri 6 -p-cymene)ruthenium) 

RuH[(S.S)-MsNCH(C 6 H 5 )CH(C 6 H5)NH2](Ti 6 -mesitylene)(hydride-((S. S)-N-methanesulfonyl-1,2<iiphenylethylene- 
55 diamine)(r| 6 -nriesrty1ene)ruthenium) 

RuH[(R,R)-MsNCH(C 6 H 5 )CH(C 6 H5)NH 2 ](Ti 6 -mesitylene)(hydride-((R, R)-N-methanesuffonyl-1.2-diphenylethylen- 

ediamine)(ri 6 -mesrtylene)ruthenium) 

RuH[(S.S)-TfNCH(C 6 H5)CH(C 6 H 5 )N^^ 
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enediamine)(T) 6 -ben2ene)ruthenium) 

OphenylelhyfeneaiamineXl'-P-cymenelrulhenium) <»™™«nan««»n)M,2- 

nylethylenediamine)( n 6 -mesitylene)rLithGnium) « lesunonyi i.^ipne- 

Ru^RP)^H s SO a l«H(C 6 H 5 )CH(C e H ! )NH s l(^.n»sil ) ,l e „e)(h^riae.{(R. RWH» m «»«ji~ I , 2.HM,. 

■Vlelh^eraliairtneK^-mesilyleoelrolhenium) •"'•nwiesultonyl-l .2-dphe- 
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anediamine)(n 6 -mesrrylene)ruthenium) 

RuHt(S.S)-N- C 6 H 5 S0 2 -1 .2-cyctohexanediamine](r, 6 -benzene)(hydride-((S.S)-N-benzenesulfonyl-1 .2-cydohexan- 
ediamine)(n 6 -benzene)ruthenium) 

RuHI(R.R)-N^ 6 H5S0 2 0.2-cyclohGxanediarrune](n 6 -beraene)(hyoYide-((R.R)-N*enzenesu^^ 

ediamine)(n 6 -benzene)ruthenium) _. , . 

RuHl(S.S)-N-C 6 H 5 S02-1 .2-cyclohexanediamine]( n 6 ^ymene)(Mride-((S.S)-N-benzenesulfonyl-1 .2- cyclohex- 

anediamine)(n 6 -p-cymene)ruthenium) , ^ 0 

RuH[(R.R)-N-C 6 H5SO r 1.2-cyclohexanediarrune](n -dh*^ 

cydohexanediamine)(ti 6 -p-cyrnene)rulhenium) 

RuH((S.S)-N-C 6 H 5 S0 2 -1.2-cyclohexajiediamine](n 6 -mesty^^ 
anediamine)(n 6 -mesitylene)ruthenium) 

R U HKR.R)-N-C 6 H 5 SO 2 -l.2-cycl0hexanediamine](n 6 -mesrryleneH^^ 
anediamine)(T) 6 -mesity1ene)ruthenium) 

[0085] Among the compounds represented by the general formula (VII) in accordance with the present invention, the 
complex of the formula (VII) wherein m and n are simultaneously 0 can be produced as follows. More specifically. 
Ru[(S.S)-.(R.R)-TsNCH(R 01 )CH(R 02 )NH](n 6 -p-cymene)(((S.S)and(R. R)-N-toluenesulfonyl-l.2-disubstituted ethylene- 
diamine)(ii 6 -p-cymene)ruthenium . . 

(wherein R 01 and R 02 are the same as described above and Ts is p-toluenesuHonyl group), is readily synthesized by 
reacting a raw material [RuCI 2 (^ 6 -p^ymene)] 2 (tetrachlorc*is(n 6 13-cymene)dirutlienium)prepared by tjie method 
described in a reference J. Chem. Soc.. Dalton Trans., pp.233 - 241(1974) with (S.S),(R. R)-TsN- 
HCH(R 0, )CH(R 02 )NH 2 ((S.S) and (R.R)-N-p-toluenesulfonyl-1.2-disubstituted ethylenediamine) in the presence of 
alkali metal hydroxide or alkali metal alcolate in a solvent. 

[0086] The reaction is generally carried out quantitatively, by reacting a raw material [RuCI 2 ( n -p-cymene)] 2 (tetrachlo- 
robis «6-p*ymene)diruthenium (1 mole) and (S. S)-. (R.R)-TsNHCH(R° 1 )CH(R° 2 )NH 2 (((S. S) and (R. R)-N-p-tolue- 
nesuHonyl-1 2-disubstJtuted ethylenediamine) (2 moles) with alkali metal hydroxide or alkali metal alcolate in the stream 
of inactive gases such nitrogen, helium or argon in an inactive solvent at a temperature of -10 to 50 °C for 30 minutes 
to 3 hours, and leaving the reaction product to stand alone, prior to liquid separation procedure to remove the aqueous 
phase, and subsequently removing the solvent under reduced pressure. 

[0087] The alkali metal hydroxide or alkali metal alcolate specifically includes NaOH. NaOCH 3 . NaOCaHg. KOH 
KOCH 3 KOC 2 H 5 LiOH UOCH 3 . and LiOC 2 H 5 . preferably including NaOH or KOH. The amount of the alkali metal 
hydroxide or alkali metal alcolate is 5 to 10 fold the amount of ruthenium. The inactive solvent appropriately includes for 
example hydrocarbons such as benzene, toluene, xylene, cyclohexane. and methylcyclohexane; ethers such as dime- 
thyl ether, diethyl ether, diisopropyt ether, methyl-tert-butyl ether, tetrahydrofuran. 1 ,3-dioxolanee. and 1 ,4-dioxane; nal- 
ogenated hydrocarbons such as chloroform, methylene chloride and chlorobenzene. 1LJ ,, 6 

S»8] The complex can be produced by another method. Specifically. Ru[(S.S)-. (R,R)-TsNCH(R° 1 )CH(R 02 )NH](n 6 - 
p-cymene)(((S.S)and(R. R)-N-toluenesulfonyl-1.2-disubstituted ethylenediamine)h 6 -p-cymene)ruthenium 
(wherein R 01 and R 02 are the same as described above and Ts is p-toluenesulfonyl group), is readily synthesized by 
reacting a raw material RuCI[(S,S)-. (R.R)- TsNCHfR^CHfR^NH^-p-cymene) (chloro-((S.S) and (R.R)-N-p-tol- 
uenesulfonyl-1.2-disubstituted ethylenediamine)(n 6 -p-cymene)ruthenium prepared through the reaction of iRuCfeU* - 
p-cymeneWtetrachlorobisft 6 -p-cymene)diruthenium. (S.S)-. (R.R)-TsNHCH(R 01 )CH(R 02 )NH 2 ((S.S) and (R.R)-N-p- 
toluenesulfonyl-1 ,2-disubstituted ethylenediamine) with a tertiary amine (for example, triethylarrine) for example by the 
method described in J. Am. Chem. Soc.. Vol.117, pp.7562-7563 (1995). J. Am. Chem. Soc.. Vol.118, pp.2521 -2522 
(1996) and J. Am. Chem. Soc.. Vol.1 18. pp.4916-491 7 (1996). in the presence of alkali metal hydroxide or alkali metal 
alcolate in a solvent. 

[0089] The reaction is generally carried out quantitatively, by reacting a raw material RuCI[(S.S)-. (R.H)- 
TsNCH(R 01 )CH(R 02 )NH 2 ](n 6 -p-cymene)(chloro-((S.S) and (R.R)-N-p-toluenesulfonyl-1.2-disubstituted ethylenedi- 
amine)(t 1 6 -p-cymene)ruthenium) (1 mole) with alkali metal hydroxide or alkali metal alcolate in the stream of inactive 
gases such nitrogen, helium or argon in an inactive solvent at a temperature of -10 to 50 "C for 30 minutes to 3 hours^ 
and leaving the reaction product to stand alone, prior to liquid separation procedure to remove the aqueous phase, and 
subsequently removing the solvent under reduced pressure. 

[0090] The alkali metal hydroxide or alkali metal alcolate specifically includes NaOH. NaOCH 3 . NaOC 2 Hs. kuh 
KOCH 3 KOCsHs LiOH. IJOCH3. and LiOC 2 H 5 , preferably including NaOH or KOH. The amount of the alkali metal 
hydroxide or alkali metal alcolate is 1 to 2-fold in mole the amount of ruthenium. The inactive solvent appropriately 
includes for example hydrocarbons such as benzene, toluene, xylene, cyclohexane. and methylcydohexane; ethers 
such as dimethyl ether, diethyl ether, diisopropyl ether, methyltert-butyl ether, tetrahydrofuran. 1 .3-d.oxolane. and 1.4- 
dioxane and halogenated hydrocarbons such as chloroform, methylene chloride and chlorobenzene. 
[0091] In accordance with the present invention, the complex represented by the general formula (V) wherein m and 
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n are simultaneously 1 can be produced as follows. More specifically. RuH[(S. )-. (R R)-TsNCH(R 0, lCHfR°2^H » 6 

(wnerein R and R are the same as descnbed above and Ts is p-toluenesulfonyl group) is readilv synthesized h» 

5 1 .2-disubstrtuted ethylenediamine) (r, 6 -p-cymene) ruthenium) ( wherein R 01 and R 0 * are the same as defined Z3I- 
and Ts represents p-toluenesulfonyl group) in an alcohol solvent 6> 

nlr^l , remov,n9 1,16 solvent under reduced pressure. Appropriate alcohol solvents include for examole mema- 
noL ethanol. n-propanol. isopropanol. n-butanol. iso-butanol. and sec-butanol ^ 

»5 T^CHfR° 1 lCHr^N.^°, , r P 6 ,eX * pr0dUC6d b * arrather ™*hod. Spedfically. RuH[(S.S)-. (R.R). 

SCIS^^^ S) (R - R> - N -P-^enesul,ony,- 1 . 2 <i i substitJf & d ethylinedt 

!~^i n «r 01 T° 2 <he Same 35 described Ts is p-toluenesulfonyl group), is readily synthesized bv 

reacting for example a raw material Ru[(S.S)-. (R.R)-TsNCH(r0i ) ch(R°2)NH K , 1 Vcymene «(S s7 Zc UR r£J Sut 

^e ^ TsfeSSenlsl iS^TT h WeneJrutheniumJ^n £ ^SL^iSSE 
above and Ts represents p-toluenesulfonyl group), in a solvent in pressurized hydrogen 

T^HmoTTcHmO^" ? fT*^ ""jj OUt *■"«■*'•■* ^ hydrogenating a raw materia. RuH[(S.S), (R.R)- 
TsNCH(R )CH(R ^NH 2 ] (ti 6 -p-cymene)(hydride-( (S.S) and (R.R)-N-toluenesulfonyl-l 2-disubstrtuted eitwiln^i 
amine) h W«ene)ruthenium) (wnerejn R oi and r02 „ gs J** ^Jd^^. 

nesulfonyl group). ,n an inactive solvent at a temperature of 0 to 50 »C for 30 minutes te 2 J ^ours SeSv^to To 
hours) ,n pressunzed hydrogen and subsequently removing the solvent under reducSl pressuS T&SSSlJ Ses 
sure is within a range of 1 to 150 atm. preferably 20 to 100 atm nyarogen pres- 

h^L ^° priateina *! ves ^^ xylene hexane 

!£?!• Cyclohexane - and methylcyclohexane; and ethers such as dimethyl ether diethyl ether di^r^^T/ 
methyl-tert-butyl ether, tetrahydrofuran. 1 ,3-dioxolane and 1 4-dioxane dnsopropyl ether. 

S. 2 1SS^ - (R.R)-N-subs ti - 

conventional manner Protective Groups in Organic Synthesis Vol 2 no 309-40«19Q1mi ^TJ^Zln 

[0097] The reaction is generally carried out quantitatively, by reacting together 

• isss^ssr to ** separafon procedure - ,o re ™ the aqu — ^ - «ss 

HLj£^^ Bnd W**— ethyfon- 

hTJ^ 6 Same 35 defined above • is known and «■ sometimes commercially available 

° r , Ca " be P r «*uced in a conventional manner or by conventional resolution process of racerra^eTraSr^L^ 
VoL32. pp.999-1002) (1991). Tetrahedron Lett.. Vol.34, pp. 1905-1 908 (1993)1 Tetrahedron Lett. 

" c^LaiiSS.^ (R - R >- 1 - 2 - di P hen ^ h ^«-ines and (S.S) and (R, R>- 1 .2-cyc.ohexanediamines are „ 
Ked™^ 

ss cTbe pSSK^E!^ r f ° rm " ,a (6) «* S) and (R - R) - 1 Substituted ethyienediamines) 

toH^JESZ m-L Z 1 9 y,e,d • by prepann 9 cyclophosphate from raw materials optically active 1 2-disubsti 

X caSyst ' S ^ feaCted ^ amidine t0 ^ imk,a20line - and < in ° *. wSX 

[0102] The ruthenium-diamine complex of the present invention may be isolated and used, but while generating the 
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complex in a reaction solution, the resulting complex is used as a catalyst tor asymmetric synthesis and the like. 
[0103] The method tor producing optically active secondary alcohols by utilizing the complex of the present invention 
as a hydrogen transfer-type oxidation catalyst wiO now be described below. 

[0104] The racemic secondary alcohols or meso-type diols to be used as the reaction substrates for producing i opt- 
cally active secondary alcohols are represented by the aforementioned formulas (VIII) and (IXI). In the formula (VIII). 
the racemic secondary alcohols in this case specifically include 

1-phenylethanol. 1 -(2-methylphenyl)ethanol. 1 -(2-ethylphenyl)ethanol. 1 -(2-isopropylphenyl)ethanol. 1-(2-tert-butyl- 
phenyl)ethanol. l-(2-methoxyphenyDethanol. 1-(2-ethoxyphenyl)ethanol. l-(2-isopropoxyphenyl)ethanol. H2-ter1- 
butoxyphenyl)ethanol. 1-(2-dimethylaminophenyl)ethanol. 1 -(3-methylpheny1)ethanol. i-(3-ethylphenyl)ethanol. 1-3- 
isopropylphenyl)ethanol. 1-(3-tert-butylphenyl)ethanol. 1 -(3-methoxyphenyl)ethanol. 1 -(3-ethoxyphenyl)ethanol 1 -(3- 
isopropoxyphenyl)ethanol. 1 -(3-tert-butoxyphenyl)ethanol. l-(3-dimethylaminophenyl)ethanol. l-(4-methylphenyl)etha- 
nol l-(4-ethylphenyl)ethanol. i -(4-isopropylphenyl)ethanol. 1 -(4-tert-butylphenyl)ethanol. i-(4-methoxyphenyl)ethanol. 
i-(4-ethoxypheny1)ethanol. 1 -(4-isopropoxyphenyl)ethanol. l-(4-tert-butoxyphenyl)ethanol. l-(4-dimethylaminopne- 
nyl)ethanol. 1-cumenylethanol. 1 -mesitylethanol. 1-xylylethanol. 1-(1-naphthyl)ethanol. 1-(2-naphthyl)ethanol. 1-phen- 
anthrylethanol. 1-indenylethanol. 1-(3.4-dimethoxyphenyl)ethanol. 1-(3.4-diethoxyphenyl)ethanol. 1-(3.4- 
methylenedioxyphenyl)ethanol. 1 -ferrocenylethanol. . ^ „ „„, , , 0 1 ^ 

1-phenylpropanol. 1-(2-methylphenyl)propanol. 1-(2-ethylphenyl)propanol. 1 -(2-isopropylphenyl)propanol. 1-(2-ert- 
butylphenyl)propanol. 1 -<2-methaxyphenyl)propanol. 1 -(2-ethoxyphenyl)propanol. 1-(2-isopropoxyphenyl)propanol. 1- 
(2-tert-butoxyphenyl)propanol. 1-(2-dimethylaminophenyl)propanol. 1 -(3-methylphenyl)propanol. 1-(3-ethylphenyl)pro- 
panol 1-<3-isopropylphenyl)propanol. 1 -(3-tert-butylphenyl)propanol. 1-(3-methoxyphenyl)propanol, 1 -(3-ethoxyphe- 
nyl)propanot. 1-(3-isopropoxyphenyl)propanol. l-(3-tert-butoxyphenyl)propanol. 1-(3-dimethylaminophenyl)propanol 
1-(4-methylphenyl)propanol. 1-(4-ethylphenyl)propanol. 1-(4-isopropylphenyl)propanol. 1-(4-tert-butylphenyl)propanol. 
1-(4-methoxyphenyl)propanol. 1-(4-ethoxyphenyl)propanol. 1-(4-isopropoxyphenyl)propanol. 1 -(4-tert-butoxyphe- 
nvl)propanol. 1-(4-dimethylaminophenyl)propanol. 1-cumenylpropanol. 1 -mesitylpropanol. 1-xylylpropanol. 1-(1-naph- 
thyl) propanol. 1-(2-naphthyl)propanol. 1-phenanthrylpropanol, 

1-indenylpropanol. 1 -(3.4-dimethoxyphenyl) propanol. 1 -(3.4-diethoxyphenyl) propanol. 1 -(3.4-methylenedioxyphenyl) 
propanol 1-ferrocenylpropanol. 1-phenylbutanol. 1-(2-methylphenyl)butanol. 1-(2-ethylphenyl)butanol. 1-(2-isopropyl- 
phenyObutanol. 1-(2-tert-butylphenyl)butanol. 1 -(2-methoxyphenyl)butanol. 1 -(2-ethoxyphenyl)butanol. 1 -(2-isopropox- 
yphenyObutanol. 1-(2-tert-butoxyphenyl)butanol. 1-(2-dimethylaminophenyl)butanol. 1 -(3-methylphenyl)butanol. - 3- 
ethylphenyl)butanol. 1 -(3-isopropylphenyl)butanol. 1-(3-tert-butylphenyl)butanol. 1 -(3-methoxyphenyl)butanol 1 -(3- 
ethoxyphenyl)butanol, 1-(3-isopropoxyphenyt)butanol. 1 -(3-tert-butoxyphenyl)butanol. 1 -(3-dimethylam.nophenyl)buta- 
nol 1-(4-methylphenyl)butanol. 1-(4-ethyiphenyl)butanol. 1-{4-isopropylphenyl)butanol. 1-(4-tert-butylphenyl)butanol. 
1-(4-methoxyphenyl)butanol. 1 -(4-e1hoxyphenyl)butanol, 1 -(4-isopropoxyphenyl)butanol. 1 -(4-tert-butoxyphenyl)buta- 
nol l-(4-dimethylaminophenyl)butanol. 1 -cumenylbutanol. 1-mesitylbutanol. 1-xylylbutanol. 1-(1-naphthyl)butanol 1- 
(2-naphthyt)butanol. 1 -phenanthrylbutanol. 1-indenylbutanol. 1-(3.4-dimethoxyphenyl)butanol, 1 -(3.4-diethoxyphe- 
nyl)butanol. l-(3.4-methylenedioxypheny1)butanol. 1-ferrocenylbutanol. 

1-phenyBsobutanol. 1 -(2-methylphenyl)isobutanol. 1 -(2-ethylphenyl)isobutanol. 1-(2-isopropylphenyl).sobutanol. 1-(2- 
tert-butylphenyl)isobutanol. 1 -(2-methoxyphenyl)isobutanol. 1 -(2-ethoxyphenyl)isobutanol. 1-(2-isopropoxyphe- 
nyl)isobutanol l-(2-tert-butoxyphenyl)isobutanol. l-(2-dimethylaminophenyl)isobutanol. l-(3-methylphenyl)isobutanol. 
1-(3-ethylphenyl)isobutanol. 1-(3-isopropylphenyl)isobutanol. l-(3-tert-butylphenyl)isobutanol. l-(3-ethoxyphenyl)isob- 
utanol l-(3-ethoxyphenyl)isobutanol. 1-(3-isopropoxyphenyl)isobutanol. 1-(3-tert-butoxyphenyl)isobutanol, 1-(3- 
dimethy1aminopheny1)isobutanol. 1-(4-methylphenyl)isobutanol. 1-(4-ethylphenyl)isobutanol. 1 -(4Hsopropylphe- 
nyl)isobutanol. 1-(4-tert-butylphenyl)isobutanol. l-(4-methoxyphenyl)isobutanol. 1 -(4-ethoxyphenyl)isobutanol. l-(4- 
isopropoxyphenyl)isobutanol, 1 -(4-tert-butoxyphenyl)isobutanol.1 -(4-dimethylaminophenyl)isobutanol. 1 -cumenyl.sob- 
utanol 1-mesitylisobutanol. 1 -xylylisobutanol. l-(1-naphthyl)isobutanol. 1-(2-naphthyl)isobutanol. 1 -phenanthryhsobu- 
tanol ' 1-indenylisobutanol. 1-(3.4-dimethoxyphenyl)isobutanol. 1-(3.4-diethoxyphenyl)isobutanol, 1-(3.4- 
methylenedioxyphenyl)isobutanol. 1-ferrocenylisobutanol. 1 -phenylpentanol. 1-(2-methylphenyl)pentanol. 1-(2-ethyl- 
phenyl)pentanol. 1-(2-isopropylphenyl)pentanol, 1 -(2-tert-butylphenyl)pentanol. 1-(2-methoxyphenyt)pentanol. 1(2- 
ethoxyphenyl)pentanol. 1-(2-i6opropoxyphenyl)pentanol. 1-(2-tert-butoxyphenyl) pentanol. ^ z *™ e W™"** e ; 
nyl)pentanol l-(3-methylphenyl)pentanol. 1-(3-ethylphenyl)pentanol. 1 -(3-isopropylphenyl)pentanol. 1-(3-tert-but^- 
phenyl)pentanol 1-(3-methoxyphenyl)pentanol, l-(3-ethoxyphenyl)pentanol. 1 -(3-isopropoxyphenyl)pentanol. 1-(3- 
tert-butoxyphenyl)pentanol. 1-(3-dimethylaminophenyl)pentanol. 1-(4-methylphenyl)pentanol. 1 -(4-ethylphenyl)penta- 
nol 1-(4-isopropylphenyl)pentanol. 1 -(4-tert-butyiphenyl)pentanol. 1-(4-methoxyphenyl)pentanol. 1 -(4-ethoxyphe- 
nyljpentanol 1 (4-isopropoxyphenyl)pentanol. 1-(4-tert-butoxyphenyl)pentanol. 1-(4-dimethylaminophenyl)pentanol. 1- 
cumenylpentanol. 1 -mesitylpentanol. 1-xylylpentanol. 1-(l-naphthyl)pentanol.1-(2-naphthyl)pentanol.1-phenan- 
thrylpentanol. 1-indenylpentanol. 1-(3,4-dimethoxyphenyl)pentanol. 1 -(3.4-diethoxyphenyl)pentanol. 1-(3.4-methylene- 
dioxyphenyl)pentanol. 1 -ferrocenylpentanol. 1-indanol. 1.2.3.4-tetrahydro-1-naphthol. 2-cyclopenten-1 -ol. 3-methyl-2- 
cyclopenten-1-ol 2-cyclohexen-1-ol. 3-methyl-2-cyclohexen-1-ol. 2-cycloheptan-1 -ol. 3-methyl-2-cycloheptan-1-ol. 2- 



20 



: <EP 0916637A1_I_> 



EP 0 916 637 A1 

cycloocten-1-ol 3-methy|.2-cyclooctan-1-ol. and 4-hydroxy-2<yclopenten-1^n e . Additionally, the meso-type diol reo- 
T^T, ( ' X) tp f Bc T f rePreSentS -^-cyclopenten-i .a^iol. meso-2-cyc*ohexan^*? meE 
tt££e?riZl£e meso - 2 ^ c,ooc * an - 1 - 4 < ,i °». ^^ihyroxy-M^. 5. 8. Sa-hexahydro-endo-M-methanona^ 

[01 05] As the ruthenium-diamine complex to be used for the hydrogen transfer-type oxidation of the nr^m invent,™ 

::^xv%?s?^ e * i e r erai formu,a m - ™* (r - r > ^T^^sssssi 

^ T 9 ^ectton. a" objects compound of the desired absolute configuration can be produced Such 
^r^Z™"*** 66 ^ 81 1/1 0 000 10 1/10 ** in m0le " pre,eraW ^ 1/2 000 to 1/200 to^mS to"e 
[0106] For carrying out the reaction, the substrate compound and the ruthenium-diamine complex are added to 

T aPPr ° Priate miXtUre °' k6t0ne With an inactive so,vent - to W* a homogenSoluSn 
01 oS ZEE SJST ° ! °, ° C - PreferaWy 1 0 to 50 °C for 1 to 1 00 hours. preferably 3 to 50hW 
E£2 r K 2° ne ^ nClud,n9 *° r exam P' e acetone - m ethyl ethyl ketone, diethyl ketone, diisopropy. ketone, methyltert-butyl 
S ^ ' ^T , n ° ne - 3nd c y c,ohexanon « ar * More preferably, acetone is betteT^e ketones may SfeSJ 

3 WitH 3n S0 ' Vent Ket ° nes 030 be used at an a -~n» of O.Ho 30 EuSZ 

urneAve ig ht). depend.ng on the type of the substrate, but preferaWy at an amount of 2 to 5 fold (volume/Weigh ° 
[0108] Approbate .nact.ve solvents include for example hydrocarbons such as benzene, toluene xWe hexane 
nSSrtTri ane ; ant ? me *Wcyc<ohexane; and ethers such as dimethyl ether, diethy. ether dS^y^" 
methyltert-butyl ether, tetrahydrofuran, 1 ,3-dioxolane. and 1 4-dioxane sopropyi ewer. 

uou?manne a r CC ° rdanCe ^ ^ ™ Y b * OUl 3 batehwise « * contin- 

[0110] The resulting product can be purified by known processes such as silica gel column chromatography. 
Examples 
Example A 

(Production of optically active alcohols ) 

SLU i L. Pr °^ U f ti0n r e ^ npleS * ° ptical,y active alcohols are shown below, and the inventive method will further be 
JZ» 43 T !^' eS 1 ' 2and3 conectivefy show reaction substrates, transition metal complexes and^SSaHy 

Z C ° mp0unds as * iral H 9 ands ' whicn to be used as typical examples. * * 

pn 12] The instrumental analysis was done by using the following individual systems. 

SS : £StS5S?l!!r , Gemini : 20 ° L H ". NMR " mp,9: ™ S ' 31R - NMR standa,ti Phosphoric add) 

ULC. SHIMADZUGC-17A(column:chiralCP-Cyclodextrin-b-236-Ml9) ' 
HPLC: JASCO GULLIVER (column: CHIRALCEL OJ. OB-H. OB. OD) 
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a R, - H. R 2 - CH 3 

b R| • H, R 2 « Ci^s 

c R, - H. R 2 - CH(CHj) a 

d R,-H. R 2 -C(CH 3 ), 

9 R, -CH 3i R 2 =*CH 3 

f R, - CI. R 2 - CH 3 

9 R| ■* OCH 3# R 2 ■» CH3 

h R,-CN, Rj-CH^ 

I R, - H, R 2 - (CHJjCOjC^H, 



6 R-CH 2 

7 R - (CHJ, 
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Examples 1 through 19 



{01 1 3] To dry 2-propanol (5.0 ml) were added various amino alcohol compounds (0.05 mmol) as chiral ligands of opti- 
cally active amine compounds as shown in Table 3 and the ruthenium arene complex (0.0125 mmol) shown in Table 2. 
5 for agitation in argon or nitrogen gas atmosphere at 80 °C for 20 minutes, and the resulting mixture was cooled to room 
temperature, to which were then added frozen and degassed dry 2-propanol (45.0 ml), various carbonyl compounds (5 
mmol) deaerated and distilled as shown in Table 1 . and a solution of 0.05M KOH in 2-propanol (2.5 ml; 0.125 mmol) in 
this order, for subsequent agitation at room temperature. After completion of the reaction, dilute hydrochloric acid was 
added to adjust the resulting mixture to acidity, from which most of 2-propanol was evaporated off under reduced pres- 
to sure, followed by addition of saturated sodium chloride solution. The resulting product was extracted into ethyl acetate, 
rinsed with saturated sodium chloride solution several times and dried over anhydrous sodium sulfate. The solvent was 
distilled off from the product. The final product was analyzed by 1 H-NMR (CDCI 3 ). to calculate the conversion. Then, 
the product was purified by thin-layer silica gel chromatography, and the isolated alcohol fraction was used to determine 
the optical purity and absolute configuration by HPLC or GLC. The results are collectively shown in Table 4. Further- 
15 more, the conversion and optical purity of the sampled reaction solution can be calculated simultaneously by GLC. 



Examples 20 to 23 

[0114] Using the same method as in Example 1 . aminophosphine compound was used as an optically active amine 
20 compound for the reaction. The results are collectively shown in Table 4. 



Table 4 
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16 


20 


lb 


2 


95 


82 


s 




12 


16 


20 


1c 


15 


93 


5 


s 




13 


16 


20 


1d 


20 


22 


40 


R 




14 


16 


20 


o-1e 


6 


96 


83 


s 


45 


15 


16 


18 


o-1f 


1 


99 


89 


s 




16 


16 


20 


p-ig 


4 


73 


79 


s 




17 


16 


20 


3 


2 


99 


93 


s 


50 


18 


16 


18 


4 


3 


93 


75 


s 




19 


16 


16 


7 


4 


62 


94 


s 




20 


1 3 


23 


1a 


1 


65 


0.4 


s 




21 


13 


24 


1a 


1 


61 


61 


R 


55 












70 








i 22 


13 


25 


1a 


1 








23 


13 


26 


1a 


1 


73 


4 


s 



24 
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Examples 24 to 41 



w 



Ru 1 LtexS IT?L n T d 35 de ^ rbed Examp ' e 1 and usin 9 ac «^ amine compounds the chiral 

Thih^^herS 6 ^ ^ inVenti ° n - ^ ^ a,C ° h0,S be produced * a opica. purity and 



15 



Tables 



45 





Examples 


Ru complex 


v^cij uui ly i laji i ipounos 


fime 


% conv 


% ee 


cortftg. 




24 


27(S S) 


1 a 


24 


>99 


98 


S 


20 


25 


27(S. S) 


1h 


OU 


>99 


97 


S 




26 


27(S, S) 


m-1f 


21 


>99 


97 


s 




27 


27(S, S) 


p-1f 


24 


>99 


95 


s 




28 


27(S, S) 


m-1g 


20 


>99 


98 


s 


25 


29 


27(S, S) 




50 


>99 


97 


s 




30 


27(S. S) 


p-1h 


14 


>99 


90 


s 




31 


27(S, S) 


1i 


60 


>99 


95 


s 


30 


32 


27(S. S) 


2 


60 


93 


83 


s 




33 


27(S. S) 


3 


22 


>99 


96 


s 




34 


27(S, S) 


5 


60 


>54 


66 


s 




35 


27(S, S) 


6 


48 


>99 


99 


s 


35 


36 


27(S. S) 


7 


48 


>99 


99 


s 




37 


27(S. S) 


8 


60 


70 


82 


s 




38 


27(S, S) 


9 


40 


47 


97 


s 


40 


39 


28(R, R) 


10 


40 


95 


99 


R 




40 


28(R. R) 


11 


65 


95 


98 


R 




41 


28(R, R) 


12 


72 


68 


92 


R 



50 



55 



Example B 

(Production of optically active amines > 

^tJln^T^^IT^^ ShOWn bS,OW and thS •»••« ^entive method wi.l be 

ZTl^T 6 and 7 show reacton substrates and asymmetric metal catalysts to be possibly used as typ- 

[01 18] The instrumental analysis was done by using the following individual systems. 

G^ R 'sHl^?^ / ^T n P 6 ™': 20 ? ^- NMR ™s. 31R-NMR standard sample: phosphoric acid) 

^LO. bHIMADZU GC-17A(column: chiral CP-Cycbdextrin-b-236-Ml9) ' 
HPLC. JASCO GULLIVER (column: CHIRALCEL OJ. OB-H. OB. OD) 

[01 19] The absolute configurations of the resulting optically active amine compounds were determined on the basis 
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ol optical rotation and by HPLC and X-ray structural analysis. Blanks are not definitely shown. 
Table 6 



Inline compounds 



10 



15 



20 



H c i H t B 



2i: R-CM, 

2b: R-3.4-{CH 3 OhC.H 3 CH, 

2c: R-3.A~{CH 3 0) l C t H>[CH 1 ) 2 

2d: R-C«H $ 

2.: R - 3.4-(CMjPJi^*'"*» 

2t: R-C.HjCH, 

2o: H- tCH 3 C'.H, 



4a: R - CH, 
4b: R - C»H S 

9 9 



25 



30 



35 



40 



45 



50 



o 2 



10 



XX' 



CO 



12*:X-H 

i2r>:x-a 

12c:X-CHjO 



13 



Enamine compounds 



CCr 



»J0 



15 



55 
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Table 7 



Asymmetric metal complexes 



w 



15 



20 




(5.5)-i 



a: i^-arana - p-cyman, ; Ar - p-CH^H, 
». n arena -p-cymena ; Ar - Z.^S-fCH^CgH, 
c n -arana - bemana ; A r - ,. r — - - * 1 



P5 



afane - 0en "ne : Ar - p.CH iCt H, 




30 



35 



40 



45 



Example 42 



fSnrn nT^ZZ, 1 ^ , - 3 - 4 ?^*«V' s «'^e (Table 6-2a) (1.03 g. 5 mmol) and a ruthenium catalyst 
SEMIS' 2 i oT 9 ^ 0 025 mm<5l) W6re d,sso,ved in acetonitrile (10 ml), followed by addition of a mixture of formic 
acid-^ethylamme (5 2). for agrtation at 28 «C for 3 houre. To the reaction mixture was added an aqueoTs^m «r- 

S^'° m " ° 6X 2? *• f 0 *" 1 in 6thy ' aCetete After ^^on of the solvent. ' H-NMR(CDCy o IteZma 
t mea t , SUr , ed to Ca,CU,ate the aversion. Then, the product was purified by silica gel c^toSTto 
determine the optical purity and absolute configuration of the resulting optically active amine ^ v HPLC o7g?ST 

S3£7 ^ T3b,e * ^'^^^^^ ST^JTS » 5 



was obtained. 
Examples 43 to fig 



EUf i-« By r"!* 16 T feaCt0r 38 in Examp,S 42 bMl USi " 9 different reaction spates, catalysts, reaction solvents 
Example 70 

50 

Es astlxTmoT^ir* " *" 6namine C ° mp ° Und W3S US6d for the ^^ntal pro- 

SS^fJf Example 4^ so that the reaction progressed in a smooth manner, to recover the corresponding optically 
active amrne compound. The results are collectively shown in Table 8. ^ 9 **icauy 

« Comparative Example i 

[ ™^T£Zte* e £T?r "£ 42> ruthenium " aren e catalysts with no optically active amine ligands 

were used as catalysts, so that the rearton was facilitated, to recover a racemic amine compound quantitatively 
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Comparative Example 2 

[0124] Under the same conditions as in Example 51 . ruthenium-arene catalysts with no optically active amine ligands 
were used as catalysts, so that no reaction was never facilitated. 
5 {0125] As has been described above in detail, in accordance with the present invention, optically active amines can 
be produced at a high yield and an excellent optical purity. 

Table 8 



70 



Amines 





Examples 


Imines 


Catalysts 


S/C 


Solvents 


Time . h 


yield % 


ee. % absolute conf 




42 


2a 


(R. RMa 


200 


CH,CN 


3 


99 


96 


s 


15 


43 


2a 


(R. RMa 


200 


CHjCIj 


3 


99 


94 


s 




44 


2a 


(S. S)-la 


200 


CHiCli 


3 


99 


93 


R 




45 


2a 


(R. RMa 


200 


T-tr h> 


3 


99 


95 


S 


20 


46 


2a 


(R. RMa 


200 


DMF 


3 


99 


95 


s 


47 


2a 


(R. RMa 


200 


DMS0 


3 


99 


95 






HO 




l\/ la 


1000 


CHzClz 


98 


99 


on 


c 




AQ 


CO 


\0. 0/ la 


900 


CH2CI2 


8 


81 


0*7 
0/ 


K 


25 


cn 
DU 




V.O. o) ID 


9nn 

CAAJ 




16 


99 


02 


IN. 






2H 

CKi 




200 


CH2CI2 


8 


99 


84 


R 




52 


2e 


(S, S)-lc 


100 


CH2CI2 


12 


96 


84 


R 




53 


2f 


(R. RMe 


200 


CHjClj 


18 


68 


82 




30 


54 


2g 


(R. R)-ie 


200 


CH2CI a 


14 


94 


98 






55 


3 


(S. S)-la 


200 


CH2CI2 


16 


99 


84 






56 


4a 


(S. S)-ia 


200 


DMF 


5 


86 


97 


R 


JO 


57 


4b 


(S. S)-la 


200 


DMF 


5 


83 


96 


R 




58 


5 


(R. RMe 


200 


CH2CI2 


48 


59 


78 






59 


6 


(S. S)-ic 


200 


CH2CI2 


39 


22 


47 


S 




60 


7 


(S. SMc 


200 


CH2CI2 


40 


100 


34 




40 


61 


8 


(S. S)-lc 


100 


CH2CI2 


6 


90 


89 


S 




62 


9 


(S. SMc 


100 


CHzCij 


12 


64 


88 


s 




63 


10 


(S. S)-ld 


200 


CH2CI2 


36 


72 


77 


s 


45 


64 


11 


(R. RMe 


200 


CH2CU 


15 


13 


36 






65 


12a 


(R. RMe 


200 


CH2CI2 


37 


43 


46 






66 


12b 


(R. RMe 


200 


CH2CI2 


109 


35 


36 






67 


12c 


(R. RMe 


200 


CH2CI2 


65 


67 


25 




50 


68 


13 


(S. SMc 


200 


CH2CI2 


16 


82 


64 






69 


14 


(S. S)-le 


200 


CH2CI2 


67 


71 


12 


R 




70 


15 


(S. S)-le 


200 


CH2CI2 


12 


69 


43 




55 


[in 


the 


table, 


s/c 


means 


the 


molar 


ratio 


of 



substrate/ruthenium-optically active diamine complex.] 
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Example C 

5 (Production of optically active secondary alcohols by kinetic resolution method of alcohols > 

S b. P 2SSnS5T ° f °f iCa,, L aCt " e SeCOndar * a,coho,s are below, and the inventive method will 

further be described .n detail. However, the invention is not limited to these examples Collectivelv Table 9 shows 

» S5ST° V a,COh0fe * meS °" tyPe ** t0 be US6d 35 tyPiCa ' Table ^ s^lenfumifnS 

[0127] Abbreviations used in the present Example are as follows. 

75 

[01 28] The instrumental analysis was done by using the following individual systems. 

NMR: JEOL GSX-400/Varian Gemini-200 ( 1 H-NMR internal standard: TMS) 
GLC: SHIMAD2U GC-17A(column: chiral CP-Cyclodextrin-b-236-Ml9) 
20 HPLC: JASCO GULLIVER (column: CHIRALCEL OJ, OB-H, OB OD-H OD) 



25 



30 



35 



40 



45 
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Table 9 



OH 




OH 



RO 



RO 




OH 



1a :R-H 

lb : R-CH 3 0 

1c : R-ICH 3 ) 2 N 



2a : R-CH 3 
2b : R-R=CH 2 



06 



3a : R-CH 2 
3b : R-(CH 2 ) 2 



OH 




Fo 



R 



OH 

j6 



Sa : R-H 
Sb : R-CHj 



HO HO H QH OH 

cp CP Q 0 

HO O H OH O 



55 
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Table 10 



5 



10 ^ ^ 



75 



20 



1 Ru 



1 0 : X » p-cymene 1 2 : X = p-cymene 

11 : X a mesrtytene 13 : X = mesityleno 



Ts Ts v 



40 



AS 



30 



35 



H 



14 : X = p-cymene 16 : X = p-cymene 

15 : X » mesitylene 17: X = mesityfene 



Reference Examp le 1 
so m.p > 100 °C (decomposed) 



IR(KBr) [cm" 1 ] : 3272. 3219, 3142. 3063 
3030. 2963. 2874 



55 1 H-NMR (400 MHz. 2 H-chloroform 6) ppm 
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w 



25 



30 



35 



40 



45 



50 
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Elemental analysis 
(C3iH35CIN 2 0 2 Rus) 




C 


H 


N 


CI 


Ru 


Theoretical values (%) 


58.53 


5.54 


4.40 


5.57 


15.89 


Elemental values (%) 


58.37 


5.44 


4.36 


5.75 


18.83 



[01 30] The present catalyst was tested by X-ray crystallography It was indicated that the complex was of a structure 
satisfying the analysis results. 

is Reference Example 2 

Synthesis of RuCI[(S.S)-p-TsNCH(CsH5)CH(C 6 H5)NH2](n 6 -mesitylene)(chloro((S.S)-N.p-toluenesulfony|.1 ,2 Kliphe- 
nylethylenediamine)(ii 6 -mesitylene)ruthenium 

20 {0131] Instead of [RuCl^n^^ymeneM^tetrachloro^ 

[RuCI 2 (7 1 6 -mesrtylene)] 2 (tetrachlorobis(n 6 -mesitylene)d!ruthenium) was used, and by the same procedures as in the 
Reference Example 1 . the aforementioned catalyst was recovered as orange crystal. The yield was 64 %. 



m.p. 218.6-222.5 (decomposed), 

1 H-NMR (400 MHz, 2 H-chloroform, ft) : ppm 

2.24 (3H). 2.38 (s. 9H). 3.69 (dd. 1H), 3.7 9 (d. 1H). 3.99 (dd. 1H), 4.19 (brd. 1H). 5.3 0 (s. 3H), 6.65 - 6.93 
(m. 9H). 7.06 - 7.15 (m. 3H), 7.35 (d. 2H) 

Reference Example 3 

Synthesis of RuCI[(S,S)-N-p-Ts-cyclohexane-1 ,2-diamine](Ti 6 -p-cymene)(chloro-((S.S)-N-p-toluenesulfonyl-1 .2- 
cyclohexanediamiine)(Ti 6 -p-cymene)ruthenium) 

[0132] Instead of (S.S)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )^^^ 

(SS)-N-p-Ts-cyclohexane-1.2-diamm used - and bv 

same procedures as in the Reference Example 1 . the aforementioned catalyst was recovered as orange crystal. The 

yield is 60 %. 
Reference Example 4 

Synthesis of RuCI[(S.S)-N-p-Ts-cyclohexane-1 ,2<iiamine](n 6 -mesitylene)(chloro-((S,S)-N-p-toluenesulfonyl-l ,2- 
cyclohexanediamine)(ti 6 -mesitylene)ruthenium 

[0133] Instead of (S.S)-p-TsNCH(C 6 H 5 )CH(^^ 

(S.S)-N-p-Ts-cyclohexane-1,2-diamine)((lS.2S)-N-p-tduenesulfonyl-1,2- cyclohexanediamine) was used, and by the 
same procedures as in the Reference Example 2, the aforementioned catalyst was recovered as orange crystal. The 
yield is 58 %. 

Example 71 -a 

Synthesis of Ru[(S,S)-p-TsNCH(C 6 H 5 )CH(C 6 H5)NH](n 6 -p-cymene)((S, SJ-N^-toluenesulfonyl-l^-diamineJhV 
cymene)ruthenium) 

[0134] [Rua 2 (Ti 6 -p-cymene)] 2 (tetrachlorobis(7i 6 -p-cymene)diruthenium) (306.2 mg; 0.5 mmol) and (S.S)-p- 
TsNCH(C 6 H 5 )CH(C6H 5 )NH 2 ((S.S)-N-p-toluenesulfonyl-1.2-diphenyiethylenediamine) (366.4 mg; 1.0 mmol) and potas- 
sium hydroxide (400 mg; 7.1 mmol) are dissolved in methylene chloride (7 ml) in a Schlenk's reactor which is prelimi- 
narily dried in vacuum and of which the inside is then substituted with argon. The reaction solution was agitated at room 
temperature for 5 minutes, and by adding water (7 ml) to the reaction solution, the color of the reaction solution turned 
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m.p> 80 °C (decomposed) 

IR(KBr) [cm 1 ] : 3289. 3070. 301 7. 2968 
2920. 2859 

1 H-NMR (400 MHz, 2 H-toluene, 6) : ppm 



75 



20 



Elemental analysis 
(C3 1 H 34 N 2 0 2 RuS) 




C 


H 


N 


Ru 


Theoretical values (%) 


62.09 


5.71 


4.67 


16.85 


Elemental values (%) 


62.06 


5.77 


4.66 


16.47 



25 3n 9 : e e SKS£ ^ ^ ^ » ^ that the comp.ex was of a structure 

Example 71 -h 



35 



40 



Example 72-* 

1 H-NMR (400 MHz, 2 H-chloroform, S) : ppm 

1.91 (s. 9H). 1.99 (s; 3H). 3.83 (d. 1H). 4. 51 (s. 1H). 4.95 (s. 3H). 5.92 (brd. 1H). 6.3 8 ~ 7.71 (m. 14H) 
Example 79 -h 

[01»] m S ,ead Of ^'«S.S)*.TsNCH<C t H s >CH(C,^^ 



45 



50 
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diphenylethylenediamineX^-p^ymeneJruthenium). RuCI[(S S)-p-TsNCH(C 6 H 5 )CH(C 6 H5)NH 2 l(n e -mesity- 

lenei(chloro-((S S)-N-p-toluenesulfony1-1 .2-diphenylethylenediamine)(n 6 niesitylene)ruthenium) synthesized as in me 
Reference Example 2 was used, and by the same procedures as in the Example 71 -b. the catalyst in purple crystal was 
recovered. The yield is 90 %. 

Example 73-a 

Synthesis of Ru[(S.S)-N-p-Ts-1 .2-cyclohexanediamine](n 6 -p-cymene)(((S.S)-N-p-toluenesulfonyl-1 .2-cydohexanedi- 
amine)(ii 6 -p-cymene)ruthenium) 

[0139] Instead of (S.S)-p-TsNCH(C 6 H 5 )CH(C6H5)NH 2 ]((S.S)-N-p-toluenesuHonyl-l.2-diphenylethylenediamine). 
(SS)-N-p-Ts-1.2-cydohexanediamine((lS.2S)-N-p-toluenesulfonyl-1.2-cyclohexanediamine) was used, and by the 
same procedures as in the Example 71 -a. the catalyst in purple crystal as No. 14 in Table 10 was recovered. The y.eld 
is 58%. 

Example 73-b 

Alternative synthesis of Ru[(S.S)-N-p-Ts-1 ,2-cyclohexanediamine]( n 6 -p-cymene)(((S.S)-N-p-toluenesulfonyl-1.2- 
cyclohexanediamine)(T 1 6 -p-cymene)ruthenium) 

[01401 Instead of RuCI[(S.S)-p-TsNCH{C 6 H 5 )CH(C 6 H5)NH 2 ])(^ 6 -p<ymene)(chloro-((S.S)-N-p-toluenesulfonyl-1 2- 
diphenylethylenediamine)(t, 6 -p-cymene)ruthenium). RuCIRS. S)-N-p-Ts-cyclohexane-1.2Hdiamine synthesized ir. the 
Reference Example 3 was used, and by the same procedures as in the Example 71*. the catalyst in purple crystal was 
recovered. The yield is 62 %. 

Example 74-a 

Synthesis of Ru[(S.S)-N-p-Ts-1 .2-cydohexanediamine](r, 6 -mesi1yleneK(S.S)-N-p-toluenesulfonyl-1 ,2-cydohexanedi- 
amine)(ii 6 -mesitylene)ruthenium) 

[01411 Instead of (S.S)-p-TsNCH(C 6 H5)CH(C 6 H5)NH2((S.S)-N-p-toluenesulfonyl-1.2-diphenylethy1enediamine). 
(SS)-N-p-Ts-cyclohexane-1.2-diamine ((S.S)-N-p-toluenesulfonyl-1.2-cyclohexanediamine) was used, and by the 
same procedures as in the Example 71-a. the catalyst as No. 15 shown in Table 10 was recovered as purple crystal. 
The yield is 60 %. 

Example 74-b 

Alternative synthesis of R U [(S.S)-N-p-Ts-1.2-cyclohexanediamine](Ti 6 -mesitylene)((S.S)-N-p-toluenesultonyl-1.2- 
cydohexanediamine)(T| 6 -mesitylene)ruthenium) 

[0142] Instead of RuCI[(S.S)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NH 2 ](T, 6 -p-cymene)(chloro-(S.S)-N-p-toluenesuHonyl-l .2- 
diphenylethylenediamineH^-p^ymeneHuthenium). RuCI[(S.S)-N-p-Ts-1 .2-cydohexanediamine]( n -mes^- 

lene)(chloro-(lS.2S)-N 1 >-toluenesulfonyl-1,2-cyclohexanediamine)(n 6 -mesitylene)ruthenium) synthesized in the Ref- 
erence Example 4 was used, and by the same procedures as in the Example 71 -b. the aforementioned catalyst was 
45 recovered as purple crystal. The yield is 62 %. 

Example 75-a 

Synthesis of R u H[(S.S)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NH 2 ](n 6 -p-cymene)(hydride-(S,S)-N-p-toluenesulfonyl-1 .2-diphe- 

so nyiethylenediamine)(n 6 -p-cymene)ruthenium) 

[0143] R U [(S.S)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NH](T 1 6 15 -cvmene)((S.S)-N-p-tduenesulfonyl0.2-diphenylethylenedi- 
amineHi^-p-cymeneJruthenium) (600mg; 1.0 mmol) is dissolved in 2-prcpanol (10 ml) in a Shlenks reactor which ts 
preliminarily vacuum dried and of which the inside is substituted with argon. The reaction solution was agitated at room 

55 temperature for 1 5 minutes. The solvent was recovered under reduced pressure at room temperature, to recover a com- 
pound in brown yellow. After rinsing the compound in cool pentane and recrystallizing the compound in methanol, the 
catalyst No.12 in Table 10 was recovered as orange crystal. The yield is 85 %. 



10 



15 



20 



25 



30 



35 



40 



34 



BNSOOCID: <EP 0916637A1_I_> 



10 



BP 0 916 637 A1 

m.p. > 60 °C (decomposed) 

IR(KBr) [cm' 1 ] : 3335. 331 7. 3228. 31 53. 

3060. 3025. 2960. 2917. 
2867 



'H-NMR (400 MHz. 2 H-chloroform, 6) : ppm 



15 



20 



Elemental analysis 
(C 3 iH 36 N 2 0 2 RuS) 




C 


H 


N 


Ru 


Theoretical values (%) 


61.88 


6.02 


4.66 


16.80 


Experimental values (%) 


61.79 


5.94 


4.70 


16.56 



25 



30 



35 



40 



45 



50 
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[0144] The X-ray crystallography shows that the comp,ex was of a structure satisfying the analytical results. 
Example 75-h 

nes^y,^ 

72 inana\*>davewhS^ 05 ""^.synthesized in the Example 

at room temperature and a h^rogen Dress^jre^? Aftlror « inside was substituted with argon, for reaction 
ar* subset re^^ 

Example 7fi-a 
Example 7fi-|? 
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Example 77-a 

Synthesis of RuH|(S, S)-N-p-Ts-1.2-cyclohexanediamine](n 6 -p-cymene)(hydride-(S. S)-N-p-toluenesulfonyl-1.2- 
cydohexanediamine)(ii 6 -p-cymene)ruthenium) 

[0148] Instead of Ru[(S. SJ-p-TsNCHtCeH^CHtCeH^NHM^-p-cymeneXCS. SJ-N^-toluenesulfonyM .2^iphenyleth- 
ylenediamine)( n 6 -p-cymene)ruthenium). Ru[(S. S)-N-p-Ts-1.2-cyclohexanediamine] ( n 6 -p-cymene)((S S) N-p-tolue- 
nesuffonyl-1.2-cyclohexanediamine) („ 6 -p-cymene)ruthenium) synthesized in the Example 73 was used, and by the 
same procedures as in the Example 75-a. the catalyst No. 16 in Table 10 was recovered. The yield is 54 %. 

Example 77-b 

Alternative synthesis of RuH[(S. S)-N-p-Ts-1.2-cyclohexanediamine](T, 6 -t>cymene)(hydride-(S. S)-N-p-totuenesulfo- 
nyl-1,2-cyclohexanediamine)(n 6 -p-cymene)ruthenium) 

[0149] Instead of Ru[(S. S)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NHl(i 1 6 -p-cymene)(chlorc-(S. S)-N-p-toluenesulfonyl-1 2- 
diphenylethylenediamine)( n 6 -p-cymene)ruthenium). Ru[(S. S)-N-p-Ts-1,2-cyclohexanediamine](n -P^ mene) ^ ^ H 
N-p-toluenesulfonyl-1.2-cyclohexanediam.ne)(,i 6 -p-cymene)ruthenium) synthesized in the Example 73 was used, and 
by the same procedures as in the Example 75-b. the catalyst was recovered. The yield is 55 %. 

Example 78-a 

Synthesis of RuH[(S. S)-N-p-Ts-1.2-cyclohexanediamine](r, 6 -mesitylene)(hydride(S. S)-N-p-toluenesuHonyl-1.2- 
cydohexanediamine)(n 6 -mesitylene)ruthenium) 

[0150] Instead of Ru[(S. SJ-p-TsNCHCCeHsJCHCCeH^NHK^-p-cymeneJttS. S^?;*'" 6 "^ 0 "*';^ 
ylenediamine)(n 6 -P-cymene)ruthenium). Ru[(S. S)-N-p-Ts-1 .2^yclohexanediamine](n 6 -mesitylene)((S^S)-N-p^olue- 
nesulfonyl-1.2-cyclohexanediamine)(n 6 -mesitylene)ruthenium) synthesized in the Example 74 was used, and by the 
same procedures as in the Example 75-a. the catalyst No.17 in Table 10 was recovered. The yield .s 52 A>. 

Example 78-b 

Alternative synthesis of RuH[(S. S)-N-p-Ts-1.2-cyclohexanediamine]h 6 -mesitylene)(hydride((S. S)-N-p-toluenesulfo- 
nyl-1,2-cyclohexanediamine)(ii 6 -mesitylene)ruthenium) 

[0151] Instead of Ru[(S, S)-p-TsNCH(C 6 H 5 )CH(C 6 H 5 )NH]( n 6 -p-cymene)((S. ^;^ en ^ ton ^^ 
ylenediamine)(n 6 -p-cymene)ruthenium). Ru[(S. S)-N-p-Ts-1.2-cyclohexanediamine](T, 6 -mesitylene)((S S)-N-p^olue- 
nesulfonyl-1.2-cyclohexanediamine)(n 6 -mesitylene)ruthenium) synthesized in the Example 74 was used, and by the 
same procedures as in the Example 75-b. the aforementioned catalyst was recovered. The yield is 48 h. 

Example 79 

Synthesis of (R)-l-indanol 

45 [0152] Ru[(S. S)-p-TsNCH(C 6 H5)CH(C 6 H 5 )NH]( n 6 -p-cymene)((S. S)-N-p-toiuenesulfonyl-1 .2-diphenylethylenedi- 
amineHrutheniumV-pcymene mesitylene (6.0 mg; 10 nmmol) synthesized in the Example 71 and 1-.ndanol (671 mg; 
5 mmol) were weighed in a Shlenk s reactor which was preliminarily vacuum dried and of which the inside was subst.- 
tuted with argon, and acetone (2.5 ml) was then added to the resulting mixture for agitation at 28 °C for 6 hours. The 
solvent was distilled off under reduced pressure, prior to separation by silica gel chromatography (eluent; ethyl acetate 
: hexane =1:3). to recover (R)-indanol (286 mg) in colorless crystal. The yield is 84 %. 
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m.p. 71 - 72 °C 

[ a ] 24 D = -30.1 ° (c = 1.96, chloroform) 

[0153] The resulting (R)-l-indanol was analyzed by HPLC (high-performance liquid chromatography), and the objec- 
tive (R)-l-indanol was at an optical purity of 97 % ee. 
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<HPLC analytical conditions) 

[0154] 

Column: Chiralcel OB (manufactured by Daicell Chemical Industry, Co ) 
Developing solution: isopropanol : hexane = 10 : 90 
Flow rate. 0.5 mi/min 



10 



Retention time: 



Examples 80 to 93 



(S)-l-indanol 18.6 minutes 
(R)-l-indanol 12.9 minutes. 



[0155] According to the method described in Example 79, the optically active ruthenium-diamine comolexes for 
« raceme secondary alcohols and meso-type diols as reaction substrates as shown in Table 9we^ us^ ^n 

^T 3 ?rr id,ti0nS ° f reaCti ° n t0 reCOV6r thG ******* responding optically active seSnd^y 2 
at high yields. The results are collectively shown in Table 11. *«*>naary aiconois 
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Examples 


Substrates 


Catalysts 


s/c 


Reaction time (hr) 


%(yield) 


%ee 


Products 


80 


la 


(S,S)-10 


500 


36 


50 


92 


1a(R) 


81 


1a 


(S,S)-11 


500 


30 


51 


94 


1a(R) 


82 


la 


(S.S)-IO 


500 


22 


47 


92 


1b(R) 


83 


lb 


(S.S)-11 


500 


30 


44 


98 


1c(R) 


84 


1c 


(S,S)-11 


500 


36 


47 


97 


2a(R) 


85 


2a 


(S f S)-11 


500 


24 


47 


97 


2b(R) 


79 


2b 


(S,S)-10 


500 


6 


46 


97 


3a(R) 


86 


3a 


(S,S)-10 


500 


6 


49 


99 


3b(R) 


87 


3b 


(S,S)-11 


500 


36 


51 


98 


4(R) 


88 


4 


(S,S)-10 


500 


4.5 


43 


93 


5a(R) 


89 


5a 


(S,S)-10 


500 


5 


46 


95 


5b(R) 


90 


5b 


(S,S)-11 


200 


3 


70 


96 


7 


91 


5 


(S,S)-10 


200 


3 


56 


87 


9 


92 


1a 


(S,S)-14 


500 


36 


48 


82 


1a(R) 


93 


la 


(S,S)-15 


500 


36 


48 


86 | 


1a(R) 



molar ratio of substrate/ruthenium-optically active diamine complex.) 
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Claims 

1 . A method for producing optically active compounds, comprising subjecting a compound represented by the follow- 
ing formula (I); 

>=*. (,> 

R b 



(wherein Ra and Rb independently represent a linear or cyclic hydrocarbon group or heterocyclic group, which may 
or may not have a substituent; W 1 represents oxygen atom. N-H. N-Rc. N-OH or N-O-Rd; and Rc and Rd independ- 
i5 ently represent a linear or cyclic hydrocarbon group or heterocyclic group, which may or may not have a substitu- 
ent). 

to transfer-type asymmetric reduction in the presence of a transition metal complex and an optically active nitrogen- 
containing compound or a transition metal complex with an optically active nitrogen-containing compound as an 
asymmetric ligand. along with a hydrogen -donating organic or inorganic compound, to produce an optically active 
20 compound represented by the following formula (II); 




(wherein Ra and Rb independently represent the same as those described above; W 2 represents OH. NH 2 . NH- 
30 Rc. NH-OH or NH-O-Rd, ; and Rc and Rd independently represent the same as those described above). 

2. A production method according to claim 1 . wherein the hydrogen transfer-type reduction is carried out in the coex- 
istence of base. 

35 3. A production method for producing optically active alcohols according to claim 1 . comprising asymmetrically reduc- 
ing a carbonyi compound represented by the following formula (III); 



R*—C- R 2 (III) 



(wherein R 1 represents an aromatic hydrocarbon group, a saturated or unsaturated aliphatic hydrocarbon group or 
cyclic aliphatic hydrocarbon group, which may or may not have a substituent. or a heterocyclic group which may or 
may not have a substituent and contains hetero atoms such as nitrogen, oxygen, sulfur atoms and the like as atoms 
composing the ring; R 2 represents hydrogen atom, a saturated or unsaturated aliphatic hydrocarbon group or cyclic 
aliphatic hydrocarbon group which may or may not have a substituent. or an aromatic hydrocarbon group, or the 
same heterocyclic group as described above; and R 1 and R 2 may satisfactorily be bonded together to form a ring), 
to produce optically active alcohols represented by the following formula (IV); 
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R l -C- R 3 



CIV) 
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(wherein R 1 and R 2 are the same as described above). 



4 - ^^^2^^^^^^ tOC,aim 1 ' asymmetrically reducing an imine 



compound represented by the following formula (V); 



w 



15 



8 



20 



ents an aromat.c hydrocarbon group, a saturated or unsaturated aliphatic hydrocarbon group or 
2Lv n2 S2f 9rOUP • WNCh may 0r not teve a substituent. or a heterocyclicgroup which ™ o 

cZSnTl ^ 6n1 ^ C ° ntainS heter ° at0mS SUCh 35 nitroaen - «W. atoms and the like as^oni 
composing toe nng; R< represents hydrogen atom, a saturated or unsaturated aliphatic hydrocarbon group or cvcS 
ahpha^c hydrocarbon group which may or may not have a substituent. or an arornatic hyd^ca^n^Zp or ^ 
nt^^ 9r ° UP 38 deSCrto6d re P resen * ^drogen atom, or a saturated^ unsaturm^ aiiLtic 

hydrocajon group or cyd.c aliphatic hydrocarbon group, which may or may not have a substituent o^ar^Sc 
hydrocarbon group, or toe same heterocyclic group as described above, or the hydrocarbon group or Ste oTvcSc 

£2££ SmTringi:" hydrOXy ' 9rOUP ° r ° Xy9Sn at0m; ^ R3 3nd R ' R3 and R5 « « aSId 
to produce optically active amines represented by the following formula (VI); 
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NHR 5 



(VI) 
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(wherein R 3 . R 4 and R s are the same as described above). 
5 ' £££5?" m6th0d aCC ° rdin9 10 C,8im 1 ' Wh6rein me tranSiti ° n iS a meta » °f metals of 

6. A production method according to claim 5. wherein toe metal complex is represented by the following formula; 



MXmLn 



H,3 eSent A tr ? nSiti0n m6talS ° f 9fOUP V '"- as iron ' cobalt - ruthenium, rhodium iridium 

osm,um^anad,um and platinum; X represents hydrogen, halogen atom, carboxyl group, hydroxy grolTnd a»S 

« represents neutral li9ands as *£ cUoiS^tSJ 

7. A production method according to daim 1 . wherein toe optically active nitrogen-containing compounds are optically 
active amme denvatives represented by any one of the following formulas; ™P°unas are optically 
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,n R R R 



» 



14 



N 



75 



R'\ R 
R 7 R 



o 

R 23 



25 




(wherein R 9 , R 10 . R 15 and R 16 are independently hydrogen, a saturated or unsaturated hydrocarbon group, ure- 
30 thane group or surfonyl group; R 1 1 , R 12 , R 13 and R 14 are the same or different so that the carbon bonded with these 
substituent groups might occupy the asymmetric center and independently represent hydrogen atom, an aromatic 
group, a saturated or unsaturated hydrocarbon group or cyclic hydrocarbon group; any one of R 1 1 and R 1 2 and any 
one of R 13 and R 14 are bonded together to form a ring; 

at least one of R 17 and R 1Q is hydrogen atom, and the remaining one is hydrogen atom, a saturated or unsaturated 
35 hydrocarbon group, urethane group or sulfonyl group; R 19 , R 20 , R 21 and R 22 are the same or different so that the 
carbon bonded with these substituent groups might occupy the asymmetric center and independently represent 
hydrogen atom, an aromatic group, a saturated or unsaturated hydrocarbon group or a cyclic hydrocarbon group; 
R 23 represents hydrogen atom, an aromatic group, a saturated or unsaturated hydrocarbon group or cyclic hydro- 
carbon group; furthermore, any one of R 19 and R 20 and any one of R 21 and R 22 may satisfactorily be bonded 
40 together to form a ring or any one of R 17 and R 18 and any one of R 20 and R 21 may satisfactorily be bonded together 
to form a ring; 

R 24 and R 25 are independently hydrogen atom, a saturated or unsaturated hydrocarbon group, urethane group, 
surfonyl group or acyl group; (CR 2 26 ) n are the same or different so that the carbon bonded with these substituent 
groups might occupy the asymmetric center; R 26 represents hydrogen atom, an aromatic group, a saturated or 
45 unsaturated hydrocarbon group or cyclic hydrocarbon group; R 27 and R 28 independently represent hydrogen atom, 

and a saturated or unsaturated hydrocarbon group. 

8. A production method according to claim 5, wherein the metal of group VIII is ruthenium. 

so 9. A production method according to claim 1 , wherein the transition metal catalyst with an optically active nitrogen- 
containing compound as an asymmetric ligand is a metal complex of metals of group VIII wherein an optically 
active amine derivative represented by any one of the following formulas is used as the ligand; 
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10. A production method according to claim 8. wherein the metal of group VIII is ruthenium 
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TO 
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R 5 ' R 10 
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N 



R2Q 
... - 



R \ I 



.N 



R 



17 



.IS 



P 21 
i R 22 

c' R 
o 



R 



23 




30 



(wherein R 9 , R 10 , R 15 and R 16 are independently hydrogen, a saturated or unsaturated hydrocarbon group, ure- 
thane group or sulfonyl group; R 1 1 , R 12 , R 13 and R 14 are the same or different so that the carbon bonded with these 
substituent groups might occupy the asymmetric center and independently represent hydrogen atom, anaromatic 
group, a saturated or unsaturated hydrocarbon group or cyclic hydrocarbon group; any one of R and R and any 
35 one of R 13 and R 14 are bonded together to form a ring; 

at least one of R 1 7 and R 1 8 is hydrogen atom, and the remaining one is hydrogen atom, a saturated or unsaturated 
hydrocarbon group, urethane group or sulfonyl group; R 19 , R 20 . R 21 and R 22 are the same or different so that the 
carbon bonded with these substituent groups might occupy the asymmetric center and independently represent 
hydrogen atom, an aromatic group, a saturated or unsaturated hydrocarbon group or cyclic hydrocarbon group; R 
represents hydrogen atom, an aromatic group, a saturated or unsaturated hydrocarbon group or cyclic hydrocarbon 
group- furthermore, any one of R 19 and R 20 and any one of R 21 and R 22 may satisfactorily be bonded together to 
form a ring or any one of R 17 and R 18 and any one of R 20 and R 21 may satisfactorily be bonded together to form a 
ring; 

R 24 and R 25 are independently hydrogen atom, a saturated or unsaturated hydrocarbon group, urethane group, 
suHonyl group or acyl group; (CR 2 26 ) n are the same or different so that the carbon bonded with these substituent 
groups might occupy the asymmetric center; R 26 represents hydrogen atom, an aromatic group, a saturated or 
unsaturated hydrocarbon group or cyclic hydrocarbon group; R 27 and R 28 independently represent hydrogen atom, 
and a saturated or unsaturated hydrocarbon group. 

so 14. A catalyst according to claim 13. wherein the transition metal complex is a complex of metals of group VIII as rep- 
resented by the following general formula; 

MXmLn 

55 (wherein M represents transition metals of group VIII, such as iron, cobalt, nickel, ruthenium, rhodium, iridium, 
osmium, palladium and platinum; X represents hydrogen, halogen atom, carboxyl group, hydroxy group and alkoxy 
group and the like; L represents neutral ligands such as aromatic compounds and olefin compounds; and m and n 
represent an integer). 
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JR 17 R IS 




R 24 N R 25 R 17 N R Ii 



Kto^o^iCXR^R- R^i&hf 3 "TT " mSa,Urated hydr0Cart> ° n ^P- - 
~orany OTe o, R ^ Rl s^^^^ 

groups might occupy the asymmetric center- represents hvdrocZn at«^f^ « * WSe substrtuent 
unsaturated hydrocarbon group or cyclic hydrocartS grou^ ^S^TS ° r 
hydrogen atom, and a saturated or unsaturated hydrcJLTgroup '"dependentiy represent 

16. A catalyst according to claim 15. wherein the transition metal complex is a comp.ex of metals of group VIII 

1 7 ^^^^ fe - — — 
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R 03 
01 | 

R A - 



10 



R 04 H, 



(wherein • represents an asymmetric carbon atom; R andR 02 are the same or drterent .rrfeper*entlyi represent- 
ing alkyi groip, or phenyl group or cycloalkyl group which may or may not have an alkyl Igroup; °' * J^J * 
together form an alicyclic ring unsubstrtuted or substituted with an alkyl group; R represents methanesultonyl 
group trifluoromethanesulfonyl group. naphthylsuHonyl group, camphor sulfonyl group, or benzenesulfonyl group 
which may or may not be substituted with an alkyl group, an alkoxyl group or halogen atom, or benzoyl group wh,ch 
may or may notbe substituted with alkoxycarbony. group or alky, group; R 04 represents hydrogen atom or alkyl 
group; X represents an aromatic compound which may or may not be substituted with an alkyl group; and m and n 
20 together represent 0 or 1 ). 

18. An optically active ruthenium-diamine complex, represented by the following general formula (VII); 



25 



R 03 



R 

ogX N / Ru \ (v.i) 

30 K / \ H n 

R 04 H„ 



35 



40 



(wherein ' represents an asymmetric cartoon atom; R andR 02 are the same or d^eren jr^epe^ently repr^em- 
ng alkyl group, or phenyl group or cycloalkyl group which may or may not have an alkyl group; or R and R 
together form an aiicyc.lc ring unsubstrtuted or substituted with an alky, group; R° represents ^anesulfony. 
group, trifluoromethanesutfonyl group. naphthylsuHonyl group, camphor sulfonyl group, or benzenesulfonyl group 
which may or may not be substituted with an alkyl group, an alkoxyl group or halogen atom, or benzoyl group which 
may or may not be substituted with alkoxycarbonyl group or alkyl group; R 04 represents hydrogen atom or alkyl 
group; X represents an aromatic compound which may or may not be substituted with an alkyl group ; and m and 
n together represent 0 or 1). 

19 An optically active ruthenium<liamine complex according to daim 18. wherein R 01 and R 02 are independently phe- 
45 nyl group or together form an alicyclic ring, unsubstrtuted or substituted with an alkyl group. 

20. A method tor producing optically active secondary alcohols, comprising subjecting racemic secondary alcohols or 
meso-type diols to hydrogen transfer reaction in the presence of an optically active ruthen,um-d,am.ne complex cat- 
alyst according to claim 1 7. 

A method according to claim 20. comprising the reaction of racemic secondary alcohols or meso-type diols repre- 



ss 

21 



sented by the following formulas (VIII) and (IX); 
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1^ r->7 



JO 



15 



(VIII) 

R R 



8 OH 



CH 2)n (IX) 

OH 



(wherein R 6 represents an aromatic monocyclic or polycydic hydrocarbon group, unsubstituted or substituted or a 
hetero monocyclic or polycydic group containing hetero atoms, or ferrocenyl group; R 7 represents hydrogen atom. 
20 a saturated or unsaturated hydrocarbon group, or a functional group containing hetero atoms; or R 6 and R 7 may be 

bonded together to form a' saturated or unsaturated alicyclic group giving a cydic ketone and the alicyclic group 
may or may not be substituted; 

R 8 and R 9 furthermore independently represent a saturated or unsaturated hydrocarbon group which may or may 
not have a substituent. or R 7 and R 9 may be bonded together to form a saturated or unsaturated alicyclic group 
25 which may or may not have a substituent; and n is 1 or 2). 
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